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ABSTRACT 
C r y s t a l Structures of Some Complexes of G-roup IB Ethynyl Compounds 
Interest i n these compounds centred on the "bonding between the 
ethynyl groups and the metal atoms. The structures were determined 
by heavy atom techniques, and refined by the method of l e a s t squares, 
using three-dimensional data. 
Phenylethynyl(trimethylphospbine)copper(l), Me^PCuCsCPh , i s 
tetrameric. The centrosymmetric molecules are nearly f l a t , apart from 
the phosphine groups. The four copper atoms form a zig-zag chain, 
with Cu...Cu distances 2.45, 2.69, 2.A-5 Two phosphine groups are 
attached to each terminal copper atom. Two of the ethynyl groups 
l i e on a l i n e through the two inner copper atomsj to which they are 
cr-bonded. The other two are each 'side-on' bonded to an inner copper 
atom, with the bond to the phenyl group distorted away from the 
copper atom. Their terminal carbon atoms each form a bridge bond 
with two further copper atoms i n the chain. Neglecting any copper-
copper i n t e r a c t i o n , the coordination around the inner copper atoms 
i s approximately t r i g o n a l , and around the terminal copper atoms, 
tetrahedral. 
Phenylethynyl(trimethylphosphine)silver(l), Me^PAgCsCPh , has 
s i l v e r atoms i n i n f i n i t e , almost straight, chains, with Ag...Ag = 
3.03 Alternate s i l v e r atoms l i e on centres of symmetry, and are 
c-bonded to two ethynyl groups. These are 'side-on' bonded to 
x i 
adjacent s i l v e r atoms, which l i e on two-fold axes, and which are 
bonded to two phosphine groups. The 'side-on' bonding i s not 
symmetrical. (Ag-C = 2.55> 3*0k A*.) The s i l v e r atoms are a l t e r -
nately i n l i n e a r , and approximately tetrahedral, coordination. 
Phenyl ethynyl ( isopropylamine) gold( I ) , "^PrKHgAuCHCPh, has 
gold atoms i n i n f i n i t e zig-zag chains, related i n p a i r s by two-fold 
axes. Au. ..Au = 3*72 i?. ; along the chains, 3*27 A*, between 
chains. Each gold atom i s l i n e a r l y coordinated to an ethynyl 
carbon and an amine nitrogen atom, lying i n the plane of the 
zig-zag. The arrangement excludes association through gold-ethynyl 
interaction, the shortest intermolecular distances being gold-
gold or gold-nitrogen contacts. 
INTRODUCTION 
OLEFIN COMPLEXES OP THE TRANSITION METALS 
Very s t a b l e complexes w i t h o l e f i n s are formed by 
platinum and i t i s over a hundred years since the f i r s t one 
was reported by Zeise, (1827), K |ptClg(CpH^)J , prepared 
by the r e a c t i o n of p l a t i n o u s c h l o r i d e w i t h ethylene and 
potassium c h l o r i d e . Complexes w i t h c o p p e r ( l ) , s i l v e r ( l ) , 
and p a l l a d i u m ( l l ) have been prepared by s i m i l a r methods, 
and o l e f i n complexes w i t h roercury(ll) are reported t o e x i s t 
I n s o l u t i o n . The o l e f i n complexes of other t r a n s i t i o n 
metals are g e n e r a l l y st a b l e i f the metal i s i n a low valency 
s t a t e and i f a c h e l a t i n g diene i s used. A v a r i e t y of 
o l e f i n complexes has been prepared i n recent years (by e.g. 
Fischer and F r t t l i c h , 1959) by r e p l a c i n g one or more carbonyl 
groups w i t h o l e f i n s i n the zero-valent metal carbonyl corn-
pounds, or i n cyclopentadienyl carbonyl compounds. Sometime 
c h e l a t i n g dienes w i l l react d i r e c t l y w i t h the normal-valent 
h a l i d e s t o form complexes, as i n the case of ruthenium and 
rhodium. (Abel, Bennet and Wilkinson, 1959). I n the case 
of i r o n , more stable complexes are formed w i t h conjugated, 
dienes than w i t h non-conjugated dienes. (Guy and Shaw, 
1962, p. 86). 
ACETYLENE COMPLEXES OP THE TRANSITION METALS 
U n t i l r e c e n t l y , only a few unstable acetylene complexes 
- 2 -
of copper and s i l v e r were known. Nov/, a vast number of 
acetylene complexes have been prepared, u s u a l l y "by r e a c t i o n 
of acetylenes w i t h metal carbonyls. Acetylene complexes f a l l 
i n t o two classes - those i n which the acetylene i s bonded 
only t o the metal atotn(s), and those i n which the acetylene 
reacts t o form new C-C bonds duri n g complex formation. 
Compounds of the second class are u s u a l l y formed by r e a c t i o n s 
of acetylenes w i t h i r o n and cobalt carbcnyls when the 
r e a c t i o n c o n d i t i o n s are at a l l en e r g e t i c , and the polymerisa-
t i o n of acetylenes by chromium a l k y l s presumably occurs w i t h 
such complexes as inter m e d i a t e s . Several s t r u c t u r e 
determinations have been made of compounds i n t h i s c l a s s , 
(e.g. Pe 2(C0) 6(C 6H 5CsCH) 3, King, 1962; and Co 2(C0) 9IICsCH, 
M i l l s and Robinson, 1959). 
Compounds or zhe f i r s t c l a s o , -here no new ugand i s 
formed, may 'oe d i v i d e d i n t o three types: 
i ) Those where the acetylene combines w i t h one metal atom, 
and s t i l l contains a recognisable carbon-carbon t r i p l e bond. 
Examples are the acetylene complexes of platinum described 
"by Bukhovets and Molodova (1957), and by Chatt et a l . (1961), 
and also the group IB a c e t y l i d e s , where i t i s presumed t h a t 
metal-ethynyl c o o r d i n a t i o n i s responsible f o r the polymeric 
nature. (Blake, Calvin and Coates, 1959 )<, The ethynyl 
s t r e t c h i n g frequency, v p - p f o r these compounds i s not more 
than 200-300 cm - 1, d i f f e r e n t from the usual value f o r 
d i s u b s t i t u t e d acetylenes (2200-2250 cm. - 1 • r y s t a l s t r u c -
t u r e determinations of two eth y n y l c o p p e r ( l ) complexes of 
t h i s type have "been reported by Carter and Hughes, (1957), 
but no bond lengths were given. The copper atom i s on the 
perpendicular b i s e c t o r of the carbon-carbon t r i p l e bond. 
i i ) Those where the e t h y n y l group i s e f f e c t i v e l y reduced t o 
a double bond, and each carbon atom i s j o i n e d t o the metal 
atom by a <*"-bond. This type of s t r u c t u r e i s suggested f o r 
the monomeric complexes ClRefac) p(PPh 0,) J and pt(PPh„)„(ac 
(ac = acetylene) where the i n f r a - r e d spectrum shows absorp t i o n 
- 1 : 
bands around 1700cm , i n the region expected f o r C=C s t r e t c h -
i n g frequencies. (Colton, L e v i t u s and Wilkinson, 1960; 
Chatt, Howe and Williams, 1957). P r e l i m i n a r y X-ray stu d i e s 
on the platinum compounds support the planar s t r u c t u r e 
expected i f two <f-bonds t o the metal atom are formed. (Owston 
and Howe, 1962). The s t r u c t u r e of the cob a l t complex 
Co4(C0)10(CpHgCsCC"2H5) in v o l v e s metal-carbon -bonds and 
reduc t i o n of the t r i p l e t o a double bond, w i t h an increase 
i n the bond distance to 1.44-jL, although the bonding here i s 
complex. (Dahl and Smith, 1962). • 
i i i ) Those compounds where the acetylene i s bonded t o two 
metal atoms. Such s t r u c t u r e s are proposed f o r a few 
acetylene complexes w i t h b i n u c l e a r iron, and cobalt carbonyls, 
3>J 
_ 4 -
and f o r the d i c y c l o p e n t a d i e n y l d i n i c k e l e t b y n y l complexes, 
where chemical methods show t h a t the acetylene i s bonded only 
to the metal atoms:,, (e.g. Tilney-Basset, 1961). The 
c r y s t a l s t r u c t u r e of Co0(CO)rPh.C=CPh shows t h a t the ethy n y l 
group l i e s i n a d i r e c t i o n at r i g h t angles t o the Co-Co axis; 
w i t h i t s midpoint above the midpoint of the Co-Co bond. 
( S l y , 1959). The C=G l e n g t h has increased t o 1.46 £, and 
the Ph-OC angle i s 140°. The OC s t r e t c h i n g frequency has 
disappeared a l t o g e t h e r . The c o o r d i n a t i o n around each 
carbon atom i s t e t r a h e d r a l , and i t may be t h a t both the 
'2 
ethynyl carbons form <f-bonds t o each metal atom, i n s p u 
h y b r i d i s a t i o n . However the view has been taken t h a t ,the 
et h y n y l group i s .joined t o the metal atom by two tfrr-bonds of 
the type described i n the next section (Guy and Shaw, 1962, 
pp. 104-5. Bennet, 1962, p. 639). 
THE MATURE OF THE' METAL-OLEFIN OP: METAL-ACETYLENE BOND 
The theory now g e n e r a l l y accepted f o r the bonding was 
f i r s t proposed by Dewar (1951), who used the molecular 
o r b i t a l theory t o explain the s t r u c t u r e of the s i l v e ^ o l e f i n 
complexes. The p r i n c i p l e "was adapted t o the platinum-
o l e f i n complexes by Chatt and Duneanson, (1955). The 
st r u c t u r e s are shown i n F i g . 1. 
ft + 
6 - ttjpe bond TT - tijpe bond 
Pig. 1. Schematic s t r u c t u r e s f o r the s i l v e r - o l e f i n and 
the p l a t i n u m - o l e f i n complexes. 
The metal atom i s assumed t o l i e on the perpendicular "bisector 
of the carbon-carbon double bond. Overlap of the f i l l e d 
bonding TX 2 molecular o r b i t a l of the o l e f i n w i t h the vacant 2 p 
5 s - o r b i t a l i n the case of the s i l v e r complex, or w i t h a 
o 
vacant 5d6s6p" h y b r i d o r b i t a l i n the case of the pla t i n u m 
complex, forms a bond which has the symmetry of a tf'-bond. 
The e s s e n t i a l p o i n t in. the s t r u c t u r e i s however the overlap 
of a f i l l e d 4 d ~ o r b i t a l I n the case of s i l v e r , or a f i l l e d 
5d6p-hybrid o r b i t a l i n the case of platinum, w i t h the vacant 
antibending TT * 2p molecular o r b i t a l of the o l e f i n t o form 
a TT - type bond, so t h a t the m e t a l - o l e f i n bond has both donor 
- 6 -
and a c c e p t o r c h a r a c t e r i s t i c s . S t a b l e c o o r d i n a t i o n complexes 
are n o t formed "by o l e f i n s w i t h a c c e p t o r molecules such as 
BP„, where t h e boron atom has no d - e l e c t r o n s a v a i l a b l e t o fo r m 
t h e TT-type bond. The b o n d i n g has been c a l l e d tf*rr-bonding 
t o emphasize t h e donor and a c c e p t o r c h a r a c t e r i s t i c s o f t h e 
bond. (Guy and Shaw, 1962, p. 8 0 ) . 
The b o n d i n g i n m e t a l - a c e t y l e n e complexes i s expected 
t o be s i m i l a r , except t h a t i n p r i n c i p l e an ac e t y l e n e c o u l d 
be i n v o l v e d i n "bonding t o two m e t a l atoms, s i n c e t h e r e a r e 
two s e t s o f b o n d i n g and a n t i b o n d i n g o r b i t a l s . 
THE BOM) ORDER I N OLEFIN AND ACETYLSWE COMPLEXES 
Both t h e < f - d o n a t i o n o f bo n d i n g e l e c t r o n s t o t h e m e t a l 
atom, and t h e rr -acceptance o f d - e l e c t r o n s i n t o antibonding 
o r b i t a l s would be expected t o reduce t h e bond o r d e r i n t h e 
o l e f i n o r a c e t y l e n e . T h i s i s c o n f i r m e d by t h e i n f r a - r e d 
s p e c t r a o f t h e compounds, which, show t h a t t h e double bond 
does s t i l l e x i s t i n t h e o l e f i n complexes, b u t t h a t t h e 0=0 
- 1 
s t r e t c h i n g f r e q u e n c y i s reduced by about 70 cm. i n t h e case 
of t h e s i l v e r i o n complexes, ( T a u f e n , Murray and C l e v e l a n d , 
- 1 rtc 
1941] and by about 150 cm. i n t h e case of^ p l a t i n u m complexes, 
( C h a t t and Buncanson, 1955). C h a t t e t a l . a l s o r e p o r t e d t h a t 
( v - n x was lowered by about 200 cm._J" i n t h e p l a t i n u m -
_ 7 — 
a l k y n e complexes. ( C h a t t , Duncanson and Guy, 1961). 
X-ray s t r u c t u r e a n a l y s e s have c o n f i r m e d that t h e s p a t i a l 
arrangement i n these complexes i s such that t h e carbon-
carbon d o u b l e o r t r i p l e "bond i s ' b r o a d s i d e ' on t o t h e m e t a l 
atom, and t h a t i n g e n e r a l , t h e G=C or C^ C bond l e n g t h i s 
i n c r e a s e d r e l a t i v e t o t h e f r e e o l e f i n or a c e t y l e n e , 
suggesting a decrease i n bond o r d e r . The a v a i l a b l e X-ray 
evidence r e l e v a n t t o fftr - b o nding i n a c e t y l e n e complexes i s 
meagre and has a l r e a d y been summarised. Hence t h e d i s c u s s i o n 
h e r e i s confined, t o t h e s t r u c t u r e s r e p o r t e d f o r o l e f i n 
complexes.. 
The l e n g t h s o f t h e carbon-carbon double bonds i n t h e 
p a l l a d i u m d i c h l o r i d e nor"bornadiene complex are extended t o 
1.46 £, and i n t h e p a l l a d i u m d i c h l o r i d e styrene complex, 
t h e double bond i s extended t o 1.4-5 JL ( B a e n z i g e r , Doyle 
and R i c h a r d s , 1961). The l e n g t h o f t h e d o u b l e bond i n t h e 
platinum e t h y l e n e complex s t u d i e d by Alderman, Owston and 
Rowe, (1960,) was 1.47 A. and e a r l i e r work on p l a t i n u m 
e t h y l e n e complexes had a l s o i n d i c a t e d extension, o f t h e double 
o 
bond t o about 1.5 A. ( B o k i i and K u k i n a , 1957; M e l l o r and 
W u n d e r l i c h , 1955). R e c e n t l y , an i n c r e a s e o f t h e G=C bond 
o 
l e n g t h t o 1.44- + 0.07 A. has been r e p o r t e d f o r t h e 
1 , 5 - c y c l o o c t a d i e n e rhodium d i c h l o r i d e complex, ( i b e r s and 
- 8 -
Snyder, 1962) and t h e C=G l e n g t h i n t h e a c r y l e m i t r i l e 
complex o f i r o n t e t r a c a r b o n y l i s extended t o 1.40 + 0,02 A. 
(Luxrnoore and T r u t e r , 1961). 
I n marked c o n t r a s t t o t h e p a l l a d i u m and p l a t i n u m com-
p l e x e s , t h e two s i l v e r o l e f i n complexes whose s t r u c t u r e s 
have 'been r e p o r t e d have C=C l e n g t h s normal f o r double bonds. 
Bond l e n g t h s o f 1.36 and 1.34 iL are quoted f o r t h e s i l v e r 
complex w i t h c y c l o o c t a t e t r a e n e dirner, (Nyburg and H i l t o n , 
1959) and o f 1.33 and 1.37 1. (+ 0.04) f o r t h e 1:1. complex 
w i t h e y c l o Q c t a t e t r a e n e , (Matthews and Lipscomb, 1959) and 
i n t h e l a t t e r complex, t h e bond angles i n t h e eyclottctatetraene 
p a r t a r e t h e same as i n t h e f r e e m o l e c u l e . M e t a l - c a r b o n 
bond d i s t a n c e s range f r o m 2.4-2.8 j£, -which i s r a t h e r more 
t h a n would be expected f o r a s i n g l e c o v a l e n t bond, whereas, 
i n t h e p l a t i n u m and p a l l a d i u m complexes, m e t a l - c a r b o n 
o 
d i s t a n c e s are about 2.2 A, and i n t h e i r o n a c r y l o n i t r i l e 
complex, t h e m e t a l - c a r b o n d i s t a n c e i s 2,1 The r e s u l t s 
f o r t h e s i l v e r - o l e f i n complexes c o n f i r m t h e i n f e r e n c e f r o m 
the i n f r a - r e d s p e c t r a , t h a t t h e m e t a l - o l e f i n i n t e r a c t i o n i s 
weaker i n these complexes. 
GROUP/IB ACETYLIDES AMD THEIR COMPLEXES 
A r y l and a l k y l a e e t y l i d e s o f t h e group I B m e t a l s , 
(RCsCM; M=Cu, Ag, Au) a r e p r e p a r e d as y e l l o w powders w h i c h 
- 9 -
decompose w i t h o u t m e l t i n g above 100-120°C, and which are 
i n s o l u b l e i n o r d i n a r y o r g a n i c s o l v e n t s . As already 
•mentioned, t h e y are r e g a r d e d as c o o r d i n a t i o n p o l y m e r s , w i t h 
t h e m e t a l atoms l i n k e d t o two or more e t h y n y l groups by 
tfw-bonding. The t - b u t y i a c e t y l i d e s are e x c e p t i o n a l i n t h a t 
t hey w i l l d i s s o l v e i n o r g a n i c s o l v e n t s . M o l e c u l a r weight 
measurements on t h e s o l u t i o n s show t h a t t h e copper compound 
i s o c t a m e r i c , t h e g o l d compound t e t r a m e r i c . t - B u t y l e t h y n y l -
s i l v e r i s i n s u f f i c i e n t l y s o l u b l e t o d e t e r m i n e i t s m o l e c u l a r 
w e i g h t a c c u r a t e l y , b u t i t i s c e r t a i n l y a t l e a s t t e t r a m e r i c . 
I t c r y s t a l l i s e s i n v e r y t i n y n e e d l e s , which t e n d t o be 
f i b r o u s and which t u r n b l a c k i n t h e X-ray beam. 
The e t h y n y l s t r e t c h i n g f r e q u e n c i e s f o r t h e p h e n y l and 
t - b u t y l a c e t y l i d e s are g i v e n i n Table I . 




o f r e q u e n c i e s observed 
i n t h e mercury ac e t y l i d . e s occur i n t h e copper and g o l d 
_ i compounds, and these are s i m i l a r t o t h e s h i f t s o f 200 cm. 









cm. " r e l a t i v e t 
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observed i n t h e s p e c t r a o f d i s u b s t i t u t e d a c e t y l e n e s when 
t h e y a r e <Sit-bonded t o p l a t i n u m . One may compare t h e r e l a t i v e -
l y s m a l l drop i n f r e q u e n c y f o r t h e s i l v e r compound w i t h t h e 
s m a l l e f f e c t s on t h e e t h e n y l groups and t h e l o n g s i l v e r -
carbon d i s t a n c e s i n the s i l v e r - o l e f i n complexes mentioned 
above. The s t r o n g c o o r d i n a t i o n i n t h e e t h y n y l g o l d compounds, 
i s r e m a r k a b l e , as n e i t h e r o l e f i n i c nor a c e t y l e n i c g o l d 
complexes have p r e v i o u s l y been r e p o r t e d . 
For t h e d i - e t h y n y l compounds,, PhC£CC=CM, (H = Cu, A g ) , 
t h e i n f r a - r e d s p e c t r a i n d i c a t e t h a t one o f t h e e t h y n y l 
- 1 
groups absorbs a t 8180-2190 cm and i t i s . assumed t h a t t h i s 
t a k e s no p a r t i n t h e tf*ir-bonding. 
Donor molecules where t h e r e a r e v a c a n t d - o r b i t a l s 
a v a i l a b l e on t h e donor atom can break down t h e p o l y m e r i c 
s t r u c t u r e s o f t h e a c e t y l i d e s . Phosphine complexes R^PMOCR, 
M-Cu, Ag, Au and R' a l k y l o r a r y l , have been p r e p a r e d , and 
a l s o some a r s i n e and s t i b i n e complexes. The phosphine complexes 
can u s u a l l y be c r y s t a l l i s e d as y e l l o w needles.. The 
degrees o f a s s o c i a t i o n o b t a i n e d from m o l e c u l a r w e i g h t d e t e r m i n -
a t i o n s i n s o l u t i o n f o r t h r e e t y p i c a l phosphine complexes 
are g i v e n i n Table I I t o g e t h e r w i t h t h e e t h y n y l s t r e t c h i n g 
f r e q u e n c i e s . The d a t a i n d i c a t e t h a t t h e degree o f 
c o m p l e x i t y i n t h e phosphine complexes decreases, i n t h e o r d e r 
Cu-Ag-Au.. 
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TABLE l l . Degree o f A s s o c i a t i o n , ( n ) , and E t h y n y l S t r e t c h i n g 
Frequency, ( v ) , i n RgPMCaCPh. 
- 1 
Compound n v cm 
Me^FCuCsCPh 2.70 2019, 2045 o 
Me^PAgCsCPh 2.00* 2075 
O 
Et 3PAuC=CPh 1.3 2109 
Sp e c t r a measured i n KBr d i s c . 
M o l e c u l a r w e i g h t s c r y o s c o p i c a l l y i n "benzene. *; e b u l l i o s c o p i -
C tH.-L1 J?* * 
The g o l d a c e t y l i d e s w i l l a l s o f o r m s t a b l e complexes 
w i t h p r i m a r y amines. I n c o n t r a s t t o the phosphine complexes, 
t h e degree o f a s s o c i a t i o n o f t h e amine complexes o f p h e n y l -
e t h y n y l g o l d i s 3-4, v a r y i n g w i t h c o n c e n t r a t i o n . The 
d i e l e c t r i c c o n s t a n t s o f benzene s o l u t i o n s o f t h e complexes 
i n d i c a t e t h e presence o f much l e s s p o l a r s p e c i e s i n t h e amine 
complexes t h a n i n t h e phosphine complexes o f p h e n y l e t h y n y l 
g o l d . The e t h y n y l s t r e t c h i n g f r e q u e n c i e s i n t h e amine 
complexes (2120-2134 cm. .) a r e however l i t t l e removed f r o m 
-\ 
those found f o r t h e phosphine complexes (2109-2129 cm." ) , o r 
fro m those expected i n d i s u b s t i t u t e d a c e t y l e n e s c o n t a i n i n g 
e t h y n y l - m e t a l <T -bonds. 
THE SCOPE OF THE WQBE PRESENTED 
I have been concerned w i t h t h e d e t e r m i n a t i o n o f s t r u c t u r e 
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i n the a c e t y l i d e s "by X-ray methods w i t h p a r t i c u l a r r e f e r e n c e 
t o t h e i n t e r a c t i o n between t h e ethynyl groups and t h e m e t a l 
atoms. Only t h e phosphine or amine complexes o f t h e 
a c e t y l i d e s have been s t u d i e d as i t i s much e a s i e r t o o b t a i n 
c r y s t a l s o f t h e s e compounds a p p r o p r i a t e f o r X-ray a n a l y s i s 
t h a n i t i s t o o b t a i n sui- t a b l e c r y s t a l s o f the h i g h l y 
i n s o l u b l e p a r e n t a c e t y l i d e s . The t - b u t y l a c e t y l i d e s p r e s e n t 
i n c o n v e n i e n t l y l a r g e problems f o r X-ray a n a l y s i s . I have 
c a r r i e d out complete s t r u c t u r e d e t e r m i n a t i o n s i n t h e case 
of t h e t h r e e complexes p h e n y l e t h y n y l ( t r i m e t h y l p ' h o s p h i n e ) -
c o p p e r ( I ) , MegPCuC«CPh, p h e n y l e t h y n y l ( t r i m e t h y l p h o s p b i n e ) -
s i l v e r ( I ) , Me^PAgCsCEh, and p h e n y l e t h y n y 1 ( i s o p r o p y l a m i n e ) -
O 
g o l d ( l ) , xPrNHpAuC«CPh. The t h r e e s t r u c t u r e s are each 
expected t o be r e p r e s e n t a t i v e o f t h e i r p a r t i c u l a r c l a s s . 
For i n s t a n c e , a l l the phosphine complexes o f phenylethynyl-
c o p p e r ( l ) are expected t o have s t r u c t u r e s s i m i l a r t o t h a t o f 
t h e trimethylphosphine complex. 
D u r i n g t h e course o f t h e s t u d y , t h e u n i t c e l l dimensions 
and space groups o f s e v e r a l o f t h e phosphine and amine 
complexes o f t h e e t h y n y l compounds were o b t a i n e d , and i t 
i s c o n v e n i e n t t o l i s t them a t t h i s p o i n t . ( T a b l e H I ) . 
Some of t h e compounds w i l l be r e f e r r e d t o a t a l a t e r 
stage. 
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THE D ET BRMI HAT I ON OF T H E CRYSTAL STRUCTURE" OF PHMYL-
ETHYKYL ( T R I METHYLP HO SPHI NgJCOPP E R T i 7 ~ 
INTRODUCTION 
Phenyl e t h y n y l (trimeth.ylphosph.ine ) copper ( I ) was chosen 
f o r s t r u c t u r e determination m a i n l y on t h e grounds o f s t a b i l i t y 
C r y s t a l s o f t h i s compound gave good r e f l e c t i o n s a f t e r 
s e v e r a l weeks exposure t o a i r , whereas c r y s t a l s o f t h e 
c o r r e s p o n d i n g t - b u t y l and isopropenyl compounds decomposed 
t o powder a f t e r a few days and. a f t e r a- few hours r e s p e c t i v e l y . 
The t r i e thylpho sphin e complex o f p h e n y l e t h y n y l c o p p e r ( I ) was 
not c o n s i d e r e d , as t h e asymmetric u n i t c o n t a i n e d f o u r f o r m u l a 
u n i t s whereas i n t h e trimethylphosphine complexes, t h e 
asymmetric u n i t c o n t a i n e d two f o r m u l a u n i t s . 
EXPERIMENTAL 
CRYSTALS 
A sample o f p h e n y l e t h y n y l ( t r i m e t h y l p h o s p h i n e ) c o p p e r ( I ) 
had "been c r y s t a l l i s e d as y e l l o w n e e d l e s f r o m t o l u e n e , and 
had been k e p t s t o r e d under n i t r o g e n f o r some months 
p r e v i o u s t o t h e i n v e s t i g a t i o n . The nee d l e s were reduced t o 
c r y s t a l s r o u g h l y c y l i n d r i c a l i n shape, and 0.2-0.5 mm. i n 
di a m e t e r , by r o l l i n g them around on a watch g l a s s i n benzene. 
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The benzene a c t e d as a s o l v e n t , and a l s o f a c i l i t a t e d t h e 
removal o f s u r f a c e l a y e r s o f decomposed m a t e r i a l w i t h which 
t h e o r i g i n a l c r y s t a l s had become coa t e d . D u r i n g t h e t i m e 
i n w h i c h t h e c r y s t a l s were used each a g a i n became coate d 
w i t h a l a y e r o f d e c o m p o s i t i o n product, b u t t h i s appeared t o 
p r o t e c t t h e r e s t o f t h e c r y s t a l , as t h e r e -was no n o t i c e a b l e 
e f f e c t on t h e i n t e n s i t i e s o f the X-ray r e f l e c t i o n s . 
CRYSTAL DATA 
P h e n y l e t h y n y l ( t r i m e t h y l p h o s p h i n e ) c o p p e r ( I ) 
Me^PCuC=CPh M = 240.77 
6 
Orthorhombic: needles e l o n g a t e d i n t h e d i r e c t i o n o f t h e 'a' 
a. = 12.639; b = 17.252; c = 21.393 A. 
U = 4682:1? Z = 16 f o r m u l a u n i t s . D^ = 1.34; 
D v= 1.366 gm/cm.° P(000) = 1984 e l e c t r o n s . 
A b s o r p t i o n c o e f f i c i e n t f o r MoK* r a d i a t i o n , j± - 20 cm.-"'" 
R e f l e c t i o n s observed: t i k i No c o n d i t i o n s 
hkO h = 2n 
Ofcl k = 2n 
hOl 1 = 2n. 
The space group i s t h e r e f o r e u n i q u e l y d e t e r m i n e d as Pbca, 
(Dp^), no. 61 i n t h e I n t e r n a t i o n a l T ables f o r C r y s t a l l o -
graphy. The u n i t c e l l dimensions were o b t a i n e d f r o m t h r e e 
z e r o - l a y e r p r e c e s s i o n p h o t ographs t a k e n u s i n g MoKdi r a d i a t i o n . 
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(X = 0.7107A1. ) The dimensions g i v e n are each t h e mean o f 
two v a l u e s o b t a i n e d from d i f f e r e n t p h o t o g r a p h s , and t h e 
d i f f e r e n c e s between t h e two v a l u e s f o r 'a', 'b', and 'c' 
were 0.004, 0.010, and 0.015.E. r e s p e c t i v e l y . The s t a t i s t i c a l 
o 
s t a n d a r d d e v i a t i o n s i n t h e c e l l dimensions were 0.003-0.004A., 
b u t i f s y s t e m a t i c e r r o r s a r e i n c l u d e d , t h e u n c e r t a i n t y i s 
p r o b a b l y o f t h e o r d e r o f 0.1%. 
COLLECTION OF INTENSITIES 
P a r t i a l t h r e e - d i m e n s i o n a l d a t a were r e c o r d e d p h o t o g r a p h -
i c a l l y u s i n g Z r - f i l t e r e d molybdenum r a d i a t i o n . (MoKA ,. 
o 
X = 0.7107A.. ) The p r e c e s s i o n method was used f o r l a y e r s 
w i t h h = 0-2, k = 0-4, and 1 = 0 , and t h e e q u i - i n c l i n a t i o n 
Weissenberg t e c h n i q u e f o r l a y e r s w i t h h = 3-7. A s e r i e s 
o f t i m e d exposures was t a k e n f o r each l a y e r . The i n t e n s i t i e s 
were e s t i m a t e d v i s u a l l y , by comparison w i t h a c a l i b r a t e d s c a l e . 
On average, t h e i n t e n s i t y o f each r e f l e c t i o n was e s t i m a t e d on 
two f i l m s w i t h i n each s e r i e s . 
The i n t e n s i t i e s on t h e upper l a y e r Weisaenberg p h o t o g r a p h s 
were c o r r e c t e d f o r spot e x t e n s i o n u s i n g e m p i r i c a l l e n g t h - f 
curves drawn s e p a r a t e l y f o r each l a y e r . The i n t e n s i t i e s o f 
t h e c o n t r a c t e d spots were n o t e s t i m a t e d . The u s u a l Lorentz. 
and p o l a r i s a t i o n f a c t o r s were a p p l i e d , b u t no c o r r e c t i o n was 
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made f o r a b s o r p t i o n . 1 4 b l independent i n t e n s i t i e s were 
measured, 396 o f them on two l a y e r s , 4 o f thern on t h r e e . 
The s t r u c t u r e f a c t o r s were p l a c e d on t h e same r e l a t i v e 
s c a l e u s i n g s c a l e f a c t o r s d e r i v e d by a l e a s t squares method 
f r o m t h e common r e f l e c t i o n s . An account o f t h i s method, and 
a comparison o f t h e s c a l e f a c t o r s used w i t h those o b t a i n e d 
by two a l t e r n a t i v e 'least squares methods., are g i v e n i n 
Appendix A. 
The atomic c o o r d i n a t e s were f o u n d by heavy atom 
t e c h n i q u e s , and r e f i n e d by t h e method o f l e a s t squares. The 
a n a l y s i s was c o m p l i c a t e d by t h e d i s o r d e r a s s o c i a t e d w i t h one 
of t h e t r i m e t h y l p h o s p h i n e groups. 
HEAVY ATOM POSITIONS. 
The p o s i t i o n s o f t h e copper atoms were f i r s t f o u n d by 
i n s p e c t i o n o f t h e P a t t e r s o n f u n c t i o n i n p r o j e c t i o n a l o n g 
t h e 'a' and t h e 'b' axes. The c o o r d i n a t e s o b t a i n e d were: 
STRUCTURE DETERMINATION 
x/a y / b z/c 
Cul -0.013 0.053 0.049 
Cu2 0.156 0.126 0.039 
These c o o r d i n a t e s i m p l y t h a t t h e two copper atoms and t h e 
two r e l a t e d "by t h e c e n t r e o f symmetry a t t h e o r i g i n f o r m a 
z i g - z a g c h a i n . The copper-copper d i s t a n c e s i n t h e c h a i n 
were v e r y s h o r t , ( 2 . 5 , 2.7, 2.5iL ) and t h e s t r u c t u r e i s 
t h e r e f o r e t e t r a r o e r i c . 
The t h r e e - d i m e n s i o n a l P a t t e r s o n f u n c t i o n was c a l c u l a t e d 
. w i t h t h e i n t e n t i o n o f c o n f i r m i n g t h e c o o r d i n a t e s o f t h e 
copper atoms and o f l o c a t i n g t h e phosphorus atoms. The 
f u n c t i o n e v a l u a t e d was: 
A k ( a 
• © o 
and 'u' was c a l c u l a t e d a t i n t e r v a l s o f 0.32jL , ( a / 4 0 ) , 'v' 
at i n t e r v a l s o f 0.22.2.., ( b / 6 0 ) , 'w' a t i n t e r v a l s o f 0.18&, 
( c / 1 2 0 ) . The c o e f f i c i e n t s | p ( h k l ) | 2 were weighted w i t h t h e 
f u n c t i o n w(hkl) = exp(l8sin 2©), = e x p ( 9 . l s i n S 6 / x S ) . The 
sum o f t h e squares o f t h e s c a t t e r i n g f a c t o r s o f a l l t h e atoms 
i n t h e s t r u c t u r e f a l l s o f f with, s i n e a p p r o x i m a t e l y as 
2 ^ • 
e x p { 5 s i n and an a n a l y s i s o f t h e i n t e n s i t i e s o f t h e 
(hkO) and ( O k l ) r e f l e c t i o n s by t h e method o f W i l s o n (1942) gave 
an. e s t i m a t e d o v e r a l l t e m p e r a t u r e f a c t o r , B, o f about 3.2. 2 
The w e i g h t e d c o e f f i c i e n t s were i n t e n d e d t o be i n t e r m e d i a t e "between those t h a t would be g i v e n by a s e t o f s t a t i o n a r y atoms, 
w = exp(6sin 2©/x £ j) and t h o s e g i v e n by a s e t o f s t a t i o n a r y 
p o i n t atoms, w = exp( l l s i n ^ e / x ^ ) . 
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I n s p e c t i o n o f t h e t h r e e Harker s e c t i o n s i n t h e 
P a t t e r s o n f u n c t i o n due t o t h e screw axes l o c a t e d t h e copper 
atoms, and t h e i r p o s i t i o n s were de t e r m i n e d more a c c u r a t e l y 
"by a l e a s t squares a n a l y s i s o f t h e c o o r d i n a t e s o f t h e peaks, 
c o r r e s p o n d i n g t o t h e 22 independent copper-copper vectors': 
i n t h e u n i t c e l l . The two atoms s h i f t e d o n l y 0.01 and 
0.02L f r o m these p o s i t i o n s d u r i n g t h e subsequent r e f i n e m e n t . 
The c o o r d i n a t e s o f t h e phosphorus atoms were found b y super-
p o s i t i o n methods. ( R o b e r t s o n , 1951.). The P a t t e r s o n 
f u n c t i o n was s e t down w i t h i t s o r i g i n i n t u r n a t each o f 
t h e copper p o s i t i o n s + ( x ~ 0 , y P l l P» zw p ) . . A 'minimum' 
f u n c t i o n was p l o t t e d by t a k i n g t h e l e s s e r v a l u e s o f t h e 
super-imposed f u n c t i o n s a t eve r y p o i n t . There were t h r e e 
peaks i n t h e minimum f u n c t i o n t h a t c o u l d have a r i s e n f r o m 
phosphorus atoms. An unambiguous c h o i c e was made by c a r r y i n g 
out a second s u p e r p o s i t i o n , u s i n g t h e c o o r d i n a t e s o f C u l . 
The phosphorus p o s i t i o n s were checked by l o c a t i n g each o f 
t h e peaks co r r e s p o n d i n g , t o t h e 24 independent copper-phosphorus 
v e c t o r s i n t h e o r i g i n a l P a t t e r s o n f u n c t i o n . The heavy atom 
c o o r d i n a t e s a t t h i s stage were: 





-0.0065 0.0515 0.0465 
0.1555 0.1272 0.0398 
0.2850 0.0683 0.0916 














LIGHT ATOM POSITIONS 
A f i r s t s e t o f s t r u c t u r e f a c t o r s was c a l c u l a t e d u s i n g 
the c o o r d i n a t e s o f t h e copper and phosphorus atoms. The 
IIIFJ-IFJI 
Z I F J 
atoms alone was 0.32. The observed s t r u c t u r e f a c t o r s were 
v a l u e o f t h e r e l i a b i l i t y i n d e x , R = — t - i _ , f o r t h e s e 
a l l o t t e d s i g n s based on t h e heavy atom c o n t r i b u t i o n s , and a 
t h r e e - d i m e n s i o n a l F o u r i e r s y n t h e s i s was c a l c u l a t e d on t h e 
same c o o r d i n a t e g r i d as t h e P a t t e r s o n f u n c t i o n . The 
f u n c t i o n e v a l u a t e d was: 
^ ( * t j * ) = M/ ]L Z '5- FfckO cos2irhx coilirflcj «. U) 
e e - I 
h * It * I n * I 
% J * £ Y_ ? M tinlnh* f fnltrfky • la) 
© • - t 
where p(xyz) i s t h e e l e c t r o n d e n s i t y a t t h e p o i n t ( x y z ) . 
The e l e c t r o n d e n s i t y showed, peaks a t t h e p o s i t i o n s o f 
th e copper and phosphorus atoms, w i t h h e i g h t s 45 and 18 e/&. 3 
r e s p e c t i v e l y . The p o s i t i o n s o f t h e phenylethynyl carbon 
atoms were c l e a r l y r e c o g n i s e d , and a l l t h e peaks were r e s o l v e d , 
except t h a t t h e two r e p r e s e n t i n g t h e ethynyl carbon atoms 09 
and CIO o v e r l a p p e d c o n s i d e r a b l y . The peak h e i g h t s ranged 
f r o m 3.3-6.0 e/R.*3, w i t h an average, h e i g h t o f 4.6 e / i L 3 
There were e i g h t peaks near t h e phosphorus atoms w i t h 
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h e i g h t s r a n g i n g from 3.0-4.5 e/jL and s e v e r a l o t h e r s m a l l e r 
ones. I t was n o t p o s s i b l e t o p l a c e t h e m e t h y l carbon 
atoms w i t h c o n f i d e n c e . 
A new s e t o f s t r u c t u r e f a c t o r s was c a l c u l a t e d on t h e 
b a s i s o f t h e heavy atoms and t h e p h e n y l e t h y n y l carbon atoms, 
except t h a t c o o r d i n a t e s were n o t a s s i g n e d t o t h e atoms CG and 
CIO. Agreement w i t h t h e observed s t r u c t u r e f a c t o r s improved 
t o R = 0.25. The s i g n s were used t o c a l c u l a t e a second 
F o u r i e r s y n t h e s i s . From t h i s s y n t h e s i s , c o o r d i n a t e s c o u l d 
be o b t a i n e d f o r t h e e t h y n y l carbon atoms C9 and 010, and t h e 
average h e i g h t o f t h e peaks c o r r e s p o n d i n g t o t h e p h e n y l e t h y n y l 
carbon atoms was now 5.8 e/£.^ There were seven unassigned 
peaks w i t h h e i g h t s o f more than. 4 e/£. ,^ and s i x o f these 
were d e s i g n a t e d as m e t h y l c a r b o n atoms. The average peak 
h e i g h t f o r t h e s e atoms was 4.7 e/£. 3 The unassigned peak l a y 
i n a p o s i t i o n which r u l e d o u t t h e p o s s i b i l i t y o f i t r e p r e s e n t i n g 
a carbon atom. 
The c o o r d i n a t e s o f a l l t h e atoms except hydrogen had 
now been o b t a i n e d , and t h e y were r e f i n e d t h r o u g h a c y c l e o f 
l e a s t squares. The v a l u e o f R f o r s t r u c t u r e f a c t o r s 
c a l c u l a t e d d u r i n g t h i s c y c l e was 0.176. I n t h e two p r e v i o u s 
s t r u c t u r e f a c t o r c a l c u l a t i o n s , t h e t e m p e r a t u r e f a c t o r 
o 2 2 U = 0.04 a. had been used f o r a l l t h e atoms, where U = B/8n . 
I n t h i s case, t h e t e m p e r a t u r e f a c t o r s used f o r t h e copper, 
phosphorus, p h e n y l e t h y n y l c a r b o n , and m e t h y l carbon atoms 
were r e s p e c t i v e l y 0.048, 0.040, 0.065, and 0.035A. 2 
A t h i r d F o u r i e r s y n t h e s i s was c a l c u l a t e d , and t h i s showed 
f e a t u r e s which suggested t h a t t h e m e t h y l groups a t t a c h e d t o 
PS were d i s o r d e r e d . The peaks r e p r e s e n t i n g t h e carbon atoms 
o f t h i s phosphine group were more smeared o u t t h a n t h e peaks 
due t o t h e o t h e r m e t h y l carbon atoms, and t h e peak h e i g h t s 
were a p p r e c i a b l y l e s s . I t was n o t r e a l l y c l e a r whether 
t h e d i s o r d e r was due t o f r e e r o t a t i o n about t h e copper-
phosphorus bond, or whether i t was due t o two p r e f e r r e d 
o r i e n t a t i o n s o f t h e phosphine group. 
REIFIKEMENT, AND TREATMENT OF TH5 DISORDERED PHOSPHIMB GROUP 
The r e f i n e m e n t was a t f i r s t c o n t i n u e d i s o t r o p i c a l l y , and 
th e t h r e e d i s o r d e r e d carbon atoms were r e p l a c e d by s i x 
atoms w i t h a s t a t i s t i c a l w e i g h t o f a h a l f . The h a l f atoms 
were g i v e n p o s i t i o n s c o n s i s t e n t w i t h t he e l e c t r o n d e n s i t y 
d i s t r i b u t i o n , c o r r e s p o n d i n g r o u g h l y t o two o r i e n t a t i o n s o f 
the phosphine group, r e l a t e d "by a r o t a t i o n o f 40° about t h e 
copper-phosphorus bond. The c o o r d i n a t e s and t h e t e m p e r a t u r e 
f a c t o r s o f t h e h a l f atoms were r e f i n e d t h r o u g h a c y c l e o f 
l e a s t s q u a r e s , w i t h p a r a m e t e r s f o r a l l t h e o t h e r atoms e x a c t l y 
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t h e same as i n t h e p r e v i o u s c y c l e . The v a l u e o f R dropped 
0.007 t o 0.169, so t h a t t h e r e was a t l e a s t some improvement 
i n u s i n g s i x , r a t h e r t h a n t h r e e , s i t e s f o r t h e carbon atoms 
a t t a c h e d t o P2. A f t e r a f u r t h e r c y c l e o f r e f i n e m e n t , two o f 
th e h a l f atoms were o n l y 0.?iL a p a r t , and t h e y were o n l y O.6.S. 
a p a r t a f t e r t h e n e x t c y c l e , even though t h e i r c o o r d i n a t e s had 
been, a l t e r e d so as t o space them a p a r t i n between t h e two 
c y c l e s . There was v e r y l i t t l e improvement i n t h e v a l u e o f 
R d u r i n g t he l a s t c y c l e , a l t h o u g h t he mean c o o r d i n a t e s h i f t 
o f 0.028&. was s t i l l l a r g e . The two h a l f atoms were a l a r m -
i n g l y c l o s e t o one a n o t h e r w h i l e t h e o t h e r f o u r were n e a r l y 
e q u a l l y spaced, and i t was f e l t t h a t t he d i s o r d e r should be 
i n v e s t i g a t e d more f u l l y b e f o r e f u r t h e r r e f i n e m e n t o f t h e 
s t r u c t u r e "was u n d e r t a k e n . 
An (F -P ) s y n t h e s i s was c a l c u l a t e d , where t h e F's were 
based on. a l l t h e atoms, exce p t t h a t t h e c o n t r i b u t i o n s f r o m t h e 
d i s o r d e r e d carbon atoms were o m i t t e d . The e l e c t r o n d e n s i t y 
i n t h e p l a n e o f t h e d i s o r d e r e d atoms i s shown i n P i g . l a . 
The h a l f atoms which had been v e r y c l o s e t o one an o t h e r appear 
as a s i n g l e peak o f h e i g h t 2.6 e/£. , and t h e o t h e r f o u r h a l f 
atoms as s m a l l b u l g e s on a s e m i - c i r c u l a r r i d g e in. t h e 
e l e c t r o n d e n s i t y , at a h e i g h t o f 1.2-1.5 e/£. 3 One o f t h e 
s m a l l peaks i s j u s t o f f t h e s e c t i o n and i s n o t shown* The 
l a r g e peak i s separated f r o m t he r i d g e by r e g i o n s where t h e 
o 3 
e l e c t r o n d e n s i t y i s less, t h a n 0.5 e/A. , and t h e d i s c o n t i n u i -
Electron Density in the Plane of the Disordered 
a F i rs t ( F o - F i : ) synthesis b Second ('©"'V:) synthesis 
Contours at intervals ol 0-2 e/A*. start ing a t 0-4 e/A s 
x F ina l posit ions of atoms weighted three- f i f ths 
o " " • two- f i f ths 
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t i e s would appear t o "be s i g n i f i c a n t , s i n c e t h e s t a n d a r d 
•3 
d e v i a t i o n , i n t h e e l e c t r o n d e n s i t y i s e s t i m a t e d t o he 0.25 e/£. 
(Cr u i c k s h a n k 1949). The d i s t r i b u t i o n o f t h e e l e c t r o n d e n s i t y , 
and t h e p o s i t i o n s o f t h e maxima, are c o n s i s t e n t w i t h t h e 
r e s u l t s o f t h e l e a s t squares r e f i n e m e n t , and a l t h o u g h t h e 
p r e c i s e n a t u r e o f t h e d i s o r d e r i s n o t c l e a r , i t does seem 
t h a t i t i s n o t due t o f r e e r o t a t i o n about t h e copper-phosphorus 
"bond. 
An a t t e m p t was made t o r e p r e s e n t t h e e l e c t r o n d e n s i t y 
d i s t r i b u t i o n i n t h e r e g i o n o f t h e d i s o r d e r e d ca3?bon atoms, "by 
using o n l y t h r e e atoms, w i t h a n i s o t r o p i c temperature f a c t o r s . 
A f t e r t h r e e c y c l e s o f r e f i n e m e n t u s i n g a n i s o t r o p i c 
t e m p e r a t u r e f a c t o r s f o r t h e copper, ph.ospn.orus, and a i l t h e 
m e t h y l carbon atoms, t h e v a l u e o f R was 0.089 and t h e mean 
coordinate s h i f t , BOX i n c l u d i n g s h i f t s i n the m e t h y l carbon 
o 
atoms a t t a c h e d t o P2, was O.OObOA. The v i b r a t i o n amplitudes 
f o r t h e d i s o r d e r e d atoms were v e r y l a r g e however, and s t i l l 
i n c r e a s i n g , and i t appeared t h a t t h e t h r e e atoms were n o t 
adequate t o r e p r e s e n t t h e e l e c t r o n d e n s i t y . The t h r e e atoms 
were r e p l a c e d "by s i x atomsiin t h e p o s i t i o n s o b t a i n e d f r o m 
t h e i s o t r o p i c r e f i n e m e n t . On t h e b a s i s o f t h e e l e c t r o n 
d e n s i t y d i s t r i b u t i o n , and a l s o o f t h e t e m p e r a t u r e f a c t o r s 
o b t a i n e d d u r i n g t h e i s o t r o p i c r e f i n e m e n t , t h r e e o f t h e s i x 
atoms were g i v e n a w e i g h t o f 2/3, and t h e o t h e r t h r e e a 
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weight o f 1/3. (At a l a t e r s t a g e , w e i g h t s o f 3/5 and 2/5 
were u s e d ) . A f t e r f o u r more c y c l e s d u r i n g w h i c h a l l t h e 
atoms were g i v e n a n i s o t r o p i c t e m p e r a t u r e f a c t o r s , t h e mean, 
c o o r d i n a t e s h i f t n o t i n c l u d i n g t h e m e t h y l carbon atoms on 
P2 was 0.00261., and t h e v a l u e o f R was 0.079, 
I t was l a t e r d i s c o v e r e d t h a t t h e s c a t t e r i n g f a c t o r s used 
f o r t h e phosphorus atoms were i n c o r r e c t , as t h e v a l u e s o f 
s i n G / ^ had "been t a k e n as i f t h e y were expressed i n r e c i p r o c a l 
j&ngstrttm u n i t s ; , whereas t h e o r i g i n a l authors, o f t h e s e s c a t t e r i n 
f a c t o r s express sinG/^ i n atomic u n i t s . ( T o m i i e and Stam, 
1958). There i s a f a c t o r o f n e a r l y two "between t h e two u n i t s , 
and the main e f f e c t would he f o r t h e t e m p e r a t u r e f a c t o r s f o r 
t h e phosphorus atoms t o he c a l c u l a t e d t o o s m a l l . F i v e f u r t h e r 
c j r c l e s o f r e f i n e m e n t u s i n g an a l t e r n a t i v e s c a t t e r i n g - f a c t o r 
curve f o r t h e phosphorus atoms were r e q u i r e d b e f o r e s h i f t s i n 
a l l t h e atomic c o o r d i n a t e s and t e m p e r a t u r e parameters "became 
no l o n g e r s i g n i f i c a n t . The v a l u e of R was now 0.074, 
and t h e mean c o o r d i n a t e s h i f t f o r a l l the atoms except t h e 
m e t h y l carbon atoms on P2 was O.O'OIGA". , w i t h a maximum s h i f t 
03? 0.0076£. No parameter s h i f t was more t h a n a h a l f o f t h e 
c o r r e s p o n d i n g s t a n d a r d d e v i a t i o n . The i n t r o d u c t i o n o f t h e 
c o r r e c t s c a t t e r i n g c u rve f o r t h e phosphorus atoms i n c r e a s e d 
t h e i r mean t e m p e r a t u r e f a c t o r , as e x p e c t e d , h u t a l s o caused 
a p p r e c i a b l e s h i f t s i n t h e c o o r d i n a t e s o f t h e l i g h t atoms. 
T h i r t e e n o f t h e carbon atoms were moved by more t h a n 0.01A., 
o 
and one by as much as 0.035A. 
D u r i n g t h e s e l a s t stages o f r e f i n e m e n t , p a r t o f a 
second (p -P ) s y n t h e s i s was c a l c u l a t e d , where the P 's were x o c' ' c 
a gain s t r u c t u r e f a c t o r s w i t h c o n t r i b u t i o n s f r o m t h e 
d i s o r d e r e d carbon atoms o m i t t e d . A s e c t i o n , i n t h e mean 
p l a n e o f the d i s o r d e r e d atoms i s reproduced i n P i g . l b . 
The e l e c t r o n d e n s i t y i n t h i s p l a n e i s almost i d e n t i c a l w i t h 
t h a t c a l c u l a t e d e a r l i e r , and t h i s e s t a b l i s h e s t h a t t h e 
p r e v i o u s e l e c t r o n d e n s i t y d i s t r i b u t i o n had n o t been associate* 
w i t h t h e use o f t h e i n c o r r e c t s c a t t e r i n g - f a c t o r c u rve f o r 
phosphorus. The s t a n d a r d d e v i a t i o n i n t h e e l e c t r o n d e n s i t y 
was now c a l c u l a t e d t o be 0.15 e/A.c 
The a n a l y s i s o f t h e s t r u c t u r e i s summarised i n T a b l e I . 
The second t o t h e f i f t h columns i n t h e t a b l e i n d i c a t e whether 
i s o t r o p i c or a n i s o t r o p i c t e m p e r a t u r e f a c t o r s were assigned, 
f o r t h e v a r i o u s groups o f atoms i n t h e s t r u c t u r e f a c t o r / 
l e a s t squares r e f i n e m e n t . The s i x t h column shows whether 
t h r e e or s i x atoms were used t o r e p r e s e n t t h e d i s o r d e r e d 
carbon atoms, C20-22, and t h e seventh g i v e s t h e f a c t o r R a t 
each sta g e . The e i g h t h column g i v e s R', which i s t h e 
quantity m i n i m i s e d i n t h e l e a s t squares r e f i n e m e n t , and i s 
g i v e n by: / Iw | lF . I - lF . l | R 
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where w r e p r e s e n t s a w e i g h t i n g . c o e f f i c i e n t . The t a b l e a l s o 
shows t h e p o i n t s a t which t h e v a r i o u s F and (F - F )' 
syntheses were c a l c u l a t e d . 
The -weighting schemes used i n t h e r e f i n e m e n t were; 
f o r s t e p s 3-4, c o n s t a n t w e i g h t s , w=0.0625 
5-6, and 8 w=0.03125 K | P J <• 24 
¥fcO.0625 24£ K | P 1 4 96 
w = 0 . 0 6 2 5 x 9 6 / ^ 1 KjB"J > 96 
9-17, and 19-20 w = 0 . 0 2 4 ( 0 . 0 1 2 i n K | P J < 3 2 . 
t h e f i n a l c y c l e ) 
W = 1 / A + B ( K | P o | ) + C ( K | E , O I ) 2 K F q > 32 
(A=15, B and 0 v a r i e d ) 
From step 13 onwards, these w e i g h t s were h a l v e d f o r p l a n e s 
w i t h sin©/^ l e s s than 0.1. K i s a f a c t o r * i n t r o d u c e d f o r 
s c a l i n g , and i t s v a l u e was always about 1.1. The v a l u e s o f 
the c o n s t a n t s A, B , C, and K f o r t h e f i n a l c y c l e were A = 15, 
B = 1 , G = 0.0085, and K = 1.113. 
The mean o v e r a l l v a l u e o f w x J | F 0 I - lF |p=w|A|^ i n t h e 
f i n a l c y c l e was 0.31. • For t h e e s t i m a t e d s t a n d a r d 
2 
d e v i a t i o n s t o 'be t h e o r e t i c a l l y c o r r e c t , w|A| should n o t v a r y 
s y s t e m a t i c a l l y over t h e observed d a t a . The v a r i a t i o n o f 
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SP/LS Refinement No. atoms 
( i s o t r o p i c o r used f o r 
a n i s o t r o p i c ) C20-22 
Cu,P CI-16 C17-19 C20-22 
R R' 
l. ( S F o n l y ) I S O - - - - 0.32 Pour 
2. (SP o n l y ) I S O I s o - _ - 0.25 Pour 
3. I s o I s o I s o I s o 3 0.176 0.0309Pour 
4. a I s o I s o a-r I s o I S O 6 0.169 0.0287 
5.. I s o I s o I s o I S O 6 0.144 0.0267 
6.. I S O I s o I s o I s o 6 0.140 0.0244 
7. (SP o n l y ) I S O I S O I s o - - (p -p 
8. A n i s I s o A n i s A n i s 3 0.128 0.0211 
9. A n i s I S O A n i s A n i s 3 0.101 0.0131 
10. A n i s I s o A n i s A n i s 3 0.089 0.0104 
11. a A n i s a ] s o a, . A n i s A n i s 6 0.086 0.0101 A n i s A n i s A n i s A n i s 6 0.086 0.0099 
13. A n i s A n i s A n i s A n i s 6 0.081 0.0080 
14. A n i s A n i s A n i s A n i s 6 0.079 0.0076 
I n t r o d u c t i o n o f c o r r e c t phosphorus s c a t t e r i n g curve 
15. A n i s a A n i s A n i s A n i s 6 0.152 0.0311. 
16. A n i s A n i s A n i s An i s 6 0.086 0.0150 
17. A n i s A n i s A n i s A n i s 6 0.076 0.0091 
18.(SPonly) A n i s A n i s A n i s - -
19. A n i s A n i s A n i s A n i s 6 0.074 0.0086 
20. A n i s A n i s A n i s A n i s 6 0.074 0.0084 
a: these atoms n o t r e f i n e d . 
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w |A| 2 w i t h [ F J , and w i t h sinO/^ i s g i v e n i n Table I I . The 
v a l u e s o f wjAj i n c r e a s e s l i g h t l y f o r l o w v a l u e s o f sinO/^ , 
and f o r l a r g e v a l u e s o f J P Q J , b u t i t was n o t f e l t t h a t 
t h i s was i m p o r t a n t . 
TABLE I I . W e i g h t i n g A n a l y s i s a f t e r t h e P i n a l Cycle. 
K JP | Mean, wlfll1 NO. o f Pian.es 
8-16 0.45 6 
16-32 0.30 373 
32-64 0.30 615 
64-128 0.26 334 
128- 0.46 123 
SinG/x Mean w)A|* No. o f Planes 
0-0.1 0.78 17 
0.1-0.2 0.61 . 114 
0.2-0.3 0.31 307 
0.3-0.4 0.22 470 
0.4-0.5 0.29 384 
0.5-0.6 0.33 151 
0.6- 0.04 8 
D u r i n g t h e f i n a l c y c l e , s t r u c t u r e f a c t o r s were c a l c u l a t e d 
f o r t h e unobserved p l a n e s , and i t was f o u n d t h a t f o r o n l y 73 
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out o f I02J011 were t h e c a l c u l a t e d , s t r u c t u r e f a c t o r s g r e a t e r 
t h a n t h e maximum expected v a l u e , PTr,^n» a n d f ° r o n l y 27 o f these 
were t h e y g r e a t e r than 1«2P ^ . The parameter s h i f t s 
c a l c u l a t e d 'by i n c l u d i n g t h e unobserved p l a n e s g r e a t e r t h a n P . 
to ^ ~mm 
i n t h e l a s t c y c l e o f t h e r e f i n e m e n t d i f f e r e d from t h e s h i f t s 
due t o t h e observed p l a n e s o n l y , by l e s s t h a n O.OOliL f o r 
th e c o o r d i n a t e s h i f t s , , and by l e s s t h a n 0.003A>.'° f o r t h e s h i f t s 
i n t h e v i b r a t i o n parameters. Since t h e i r e f f e c t was so s l i g h t , 
t h e unobserved planes were n o t i n c l u d e d i n t h e r e f i n e m e n t , as 
i t i s d i f f i c u l t t o d e c i d e how these p l a n e s s h o u l d be w e i g h t e d . 
The f i n a l parameters are based on t h e observed p l a n e s o n l y . 
The s h i f t s i n t h e c o o r d i n a t e s i n t h e f i n a l c y c l e a r e 
l i s t e d i n Table I I I , and t h e s h i f t s i n t h e a n i s o t r o p i c t h e r m a l 
parameters i n Table I V . The parameters U 1 : L...U 1 3 a r e d e f i n e d 
by t h e e x p r e s s i o n : 
h 2a*%^+kS*% p 9 +l 2c*%„ r,+hka*TD*U 1 9+ f = f exp.-2rr 2 '22 T U 3 3 T "12"1 
k l T D * c * U 2 3 + h l a * c * U 1 3 J 
where f i s t h e atomic s c a t t e r i n g f a c t o r , f o r an atom a t r e s t , o 
The f i n a l v a l u e s o f t h e atomic c o o r d i n a t e s and t h e i r e s t i m a t e d , 
s t a n d a r d d e v i a t i o n s are g i v e n i n Table V, and t h e a n i s o t r o p i c 
t e m p e r a t u r e parameters and t h e i r s t a n d a r d d e v i a t i o n s i n T a ^ l e V I , 
I n t h e s e , and i n a l l subsequent t a b l e s , C20a, C21a, and C22a 
r e f e r t o t h e carbon atoms w i t h w e i g h t s 3/5, and C20b, C21b, 
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and C22b r e f e r t o t h e carbon atoms w i t h w e i g h t s 2/5. Table V 
a l s o g i v e s t h e r o o t mean square v a l u e o f t h e s t a n d a r d 
d e v i a t i o n f o r each atom. The s t r u c t u r e f a c t o r s c a l c u l a t e d 
d u r i n g t h e f i n a l c y c l e a r e g i v e n i n Table V I I . 
The sources f o r t h e s c a t t e r i n g f a c t o r s used were: 
f o r carbon, B e r g h u i s e t a l . ( 1 9 5 5 ) , 
f o r c o p p e r ( o ) , B e r g h u i s e t al./Thomas and Umeda, ( 1 9 5 7 ) , e.s 
g i v e n i n t h e l i b r a r y o f ' f curves i s s u e d by 
by t h e Leeds group, 
f o r phosphorus, Freeman and Watson, ( 1 9 6 1 ) . 
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TABLE I I I . S h i f t s i n t h e Atomic C o o r d i n a t e s d u r i n g 
t h e P i n a l Cycle. 
( i n S ) 
i.tom X y z 
Cul 0.0001 0.0000 0.0002 
Cu2 0.0003 0.0001 0.0001 
P I -0.0003 0.0001 -0.0001 
P2 0.0000 0.0012 -0.0001 
CI 0.0006 0.0010 0.0014 
C2 0.0034 -0.000-5 -0.0005 
C3 0.0025 0.0000 -0.0009 
C4 0.0012 0.0013 -0.0013 
C5 • 0.0038 0.0005 0.0028 
C6 -0.0025 -0.0013 -0.0029 
C? 0.0041 0.0010 -0.0015 
C8 -0.0003 -0.0013 -0.0002 
C9 0.0020 0.0007 -0.0017 
CIO 0.0017 -0.0002 -0.0039 
C l l 0.0016 -0.0002 -0.0017 
C12 0.0026 -0.0041 -0.0009 
C13 -0.0003 -0.0030 0.0005 
C14 0.0023 0.0002 -0.0027 
C15 -0.0013 0.0076 0.0063 
C16 -0.0011 0.0022 -0.0021 
CI? 0.0002 -0.0065 0.0010 
C18 0.0018 0.UU44 -0.0019 
C19 -0.0016 -0.0023 0.0010 
C20a -0.0065 0.0106 -0.0032 
C21a 0.0022 -0.0069 -0.0047 
C22a -0.0054 -0.0160 0.0004 
C20h 0.0160 -0.0024 0.0013 
C21h 0.0119 -0.0061 0.0026 
C22b 0.0195 0.0000 0.0209 
Only h a l f o f t h e above s h i f t s were a p p l i e d f o r t h e 
l a s t s i x atoms. 
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TABLE I V . S h i f t s i n A n i s o t r o p i c Temperature Parameters 
D u r i n g t h e P i n a l Cycle ( i n A. ^ ) 
A t om 
Cul. -0.0002 -0.0001 0.0000 -0.0000 -0.0002 -0.0002. 
Cu2 -0.0001 -0.0000 -0.0001 0.0001. -0.0001. -0.0003 
P I 0.0004 0.0004 0.0007 0.0001 0.0003 -0.0002 
P2 0.0005 0.0006 0.0001. 0.0008 -0.0008 -0.0008 
CI -0.0017 0.0007 0.0012 0.0017 0.0003 0.0000 
C2 -0.0026 -0.0000 0.0007 0.0012 -0.0009 0.0004 
03 0.0007 0.0009 -0.0009 0.0041 -0.0000 0.0000 
C4 -0.0000 0.0004 -0.0015 0.0024 -0.0053 0.0012 
C5 0.0027 -0.0019 0.0003 0.0019 -0.0025 0.0001 
C6 -0.0015 0.0002 0.0017 0.0004 0.0001 0.0002 
C7 0.0026 0.0019 -0.0002: -0.0010 -0.0038 0.0005 
C8 0.0010 -0.0021 -0.0001 -0.0004 -0.0001 -0.0020 
C9 -0.0000 -0.0013 0.0001 -0.0002 -0.0000 -0.0006 
CIO 0.0007 -0.0003 -0.0015 0.0031 0.0000 0.0008 
C l l -0.0019 0.0014 -0.0005 0.0013 -0.0018 0.0015 
C12 -0.0022 -0.0022. 0.0016 0.0015 -0.0011 0.0011 
C13 -0.0012 -0.0001 -0.0002 0.0030 -0.0020 0.0021 
C14 0.0006 0.0093 -0.0026 0.0022 0.0044 0.0002 
C15 0.0032 -0.0046 0.0005 -0.0010 -0.0035 0.0001 
016 0.0023 -0.0011 -0.0018. -0.00 AX • 0.0041 0.0021 
C17 0.0015 0.0007 -0.0020 -0.0018 0.0048 -0.0041 
C18 0.0026 -0.0033 0.0008 -0.0021 -0.0023 0.0055 
C19 0.0013 0.0003 0.0003 0.0009 -0.0038 -0.0003 
C20a -0.0008 -0.0014 0.0047 0.0041 -0.0060 -0.0037 
C21a 0.0301 0.0005 -0.0054 -0.0218 0.0084 -0.0108 
C22a -0.0031 0.0074 -0.0122 -0.0001 -0.0050 -0.0029 
C20To 0 • 0 S ~L o 0.0113 0.0107 0.0300 -0.0068 -0.0082 
C21b 0.0005 0.0010 -0.0023 0.0036 -0.0048 -0.0028 
C22b -0.0197 -0.0080 0.0071 0.0175 - 0.0073 -0.0053 
Only h a l f o f t h e above s h i f t s were a p p l i e d f o r t h e 
l a s t s i x atoms. 
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TABLE. V. (Me PCuCsCPh)/L: 
Co o r d i n a t e s 
P i n a l Values o f t h e Atomic 
( i n &.) and Stan d a r d D e v i a t i o n s 




P I 3.594 

















( 'C17 3..020 
P I 4.963 
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TABLE V I . (Me^PCuCsCPh)^ : F i n a l Values of the Anisotropic Temperature 
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DESCRIPTION AND DISCUSSION OP THE STRUCTURE 
The complex occurs i n t h e c r y s t a l as d i s c r e t e t e t r a r n e r s , 
(Me^PCuCsCPh),. These are c e n t r o s y m m e t r i c , and n e a r l y f l a t , 
a p a r t from t h e phosphine groups. A diagram o f t h e m o l e c u l e 
p r o j e c t e d onto t h e mean p l a n e t h r o u g h t h e copper atoms and 
t h e phenylethynyl carbon atoms i s g i v e n i n P i g . 2. The f o u r 
copper atoms are arr a n g e d i n a z i g - z a g c h a i n , 'with t h e c e n t r e 
o f symmetry between Cui and (Jul 1 Two phosphine groups are 
bound t o t h e t e r m i n a l copper atom Cu2, one o f them above, and one 
below t h e mean p l a n e o f t h e m o l e c u l e , and t h e i n n e r copper 
atom, C u l , i s n o t bonded t o a phosphorus atom. Cul i s 
bonded t o t h e e t h y n y l carbon atom C I , w i t h t h e e t h y n y l group 
i n t h e 'end-on' p o s i t i o n , and i s trt -bonded t o t h e atoms C9' 
and CIO', where t h e e t h y n y l group i s 's i d e - o n ' t o t h e 
copper atom. C9' a l s o comes v e r y c l o s e t o the copper atoms 
C u l f and Cu2', and i t appears t h a t t h e e t h y n y l groups (C9, 
CIO) and(C9', CIO') are each bonded t o t h r e e copper atoms. 
Around C u l , t h e f o u r atoms C I , Cu2, C9, and C u l ' , 
t o g e t h e r with t h e p o i n t mid-way between C9' and CIO', ( w h i c h 
w i l l be w r i t t e n as (39,10') a r e s i t u a t e d a t f i v e v e r t i c e s o f 
a d i s t o r t e d hexagon. The f o u r a n g l e s subtended a t Cul a r e 
r e s p e c t i v e l y 59°, 55°, 50° and 67°, and none o f t h e atoms i s 
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f o u r atoms C u l , C l , Cu2, and C9 are more a c c u r a t e l y c o p l a n a r , 
however, and t h e e q u a t i o n o f t h e mean p l a n e t h r o u g h these 
a t ora s i s : 
0.4666 x - 0.6724 y + 0.5747 z. = -0.0840 
where x, y. and z are i n £., and are r e f e r r e d t o t h e c r y s t a l 
axes. The d i s t a n c e s o f t h e atoms C u l , C I , Cu2, and C9 
f r o m t h i s p l a n e are r e s p e c t i v e l y 0.023, -0.021, 0.018, and 
o 
-0.020A. Cul' and t h e p o i n t C9,10* are a t d i s t a n c e s o f 
0.145 and 0.162 £. f r o m t h e p l a n e , and so do n o t l i e i n t h e 
p l a n e t h r o u g h t h e o t h e r f o u r atoms. The atoms C l and 09, 
w i t h t h e p o i n t C9,10•, a r e a r r a n g e d a p p r o x i m a t e l y t r i g o n a l l y 
around C u l , w i t h angles Cl-Cul-C9, 09-Cul-09,10' and 
C9,10'-Cul-Cl o f 114, 117, and 130° r e s p e c t i v e l y . C ul l i e s 
a t a d i s t a n c e o f 0.02&. f r o m t h e p l a n e t h r o u g h C l , 09, and 
09,10', and t h e atoms a r e c o p l a n a r w i t h i n e x p e r i m e n t a l e r r o r . 
Around Cu2, t h e atoms P I , f»2, and c u l are arranged 
a p p r o x i m a t e l y t r i g o n a l l y , t h e angles Pl-Cu2-P2, P2-Cu2-Cul, 
and Cul-Cu2-Pl "being r e s p e c t i v e l y 124, 127, and 109°., Cu2 
l i e s a t a d i s t a n c e o f 0.04A. from t h e p l a n e t h r o u g h t h e o t h e r 
t h r e e atoms. However t h e f o u r atoms p i , P2, C l , and 09 a r e 
i n a d i s t o r t e d t e t r a h e d r a l arrangement ahout Cu2, w i t h t h e 
ang l e s Pl-Cu2-P2 and Cl-Cu2-C9 equal t o 124° and 103°, t h e 
one c o n s i d e r a b l y g r e a t e r t h a n , and t h e o t h e r r a t h e r l e s s t h a n , 
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th e t e t r a h e d r a l angle o f 109 . The p l a n e or P I , P2, and 
Cu2 i s v e r y n e a r l y a t r i g h t a n g l e s t o t h e p l a n e t h r o u g h 
t h e atoms C l , C9, and Cu2, "but t h e p o s i t i o n s o f the 
phosphorus atoms are such t h a t t h e P-Cu-C ang l e s are a 
l i t t l e l e s s f o r P I t h a n f o r P2. 
fh.e copper-copper d i s t a n c e s are v e r y s h o r t , w i t h 
Cul-Cu2 = 2.450&., and C u l - C u l ' = 2.693 £. One o f t h e s e 
d i s t a n c e s i s l e s s t h a n t h e Cu-Cu s e p a r a t i o n i n t h e m e t a l , 
2.556£. , and such s h o r t d i s t a n c e s would suggest "bonding 
between t h e copper atoms. However t h e c o o r d i n a t i o n o f t h e 
copper atoms i s d i f f i c u l t t o d e s c r i b e i f copper-copper b o n d i n g 
i s i n c l u d e d . A p a r t f r o m any copper-copper b o n d i n g , Cul i s 
t r i g o n a l l y c o o r d i n a t e d t o t h e atoms C l and C9, and t o t h e 
e t h y n y l group ( C 9 , - C 1 0 , ) , w h i l e Cu2 i s t e t r a h e d r a l l y c o o r d i n a t e d 
t o P I , P2, C l , and C9. T h i s does, of course assume t h a t 
t h e r e i s b o n d i n g between t h e atom Cu2 and t h e e t h y n y l carbon 
atoms C l and C9, and between Cul and C9, and t h i s p o i n t 
w i l l be d i s c u s s e d a t a l a t e r s t a g e . The t e t r a h e d r a l 
arrangement i s t h e u s u a l one f o r c o p p e r ( l ) , b u t t r i g o n a l 
c o o r d i n a t i o n occurs i n t h e Cu(CN)p i o n , (Cromer, 1957) and i s 
th o u g h t t o occur i n some complexes o f t h e t y p e (RgP)pCuI, 
(Cass, Coates, and H a y t e r , 1954). 
There a r e o t h e r compounds o f c o p p e r ( I ) where the c o o r d i n a -
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t i o n i s s i m p l e t o d e s c r i b e , "out where t h e r e are i n a d d i t i o n 
s h o r t copper-copper d i s t a n c e s which may i m p l y 'bonding. I n 
t h e t e t r a m e r i c t r i e t h y l a r s i n e complex o f c o p p e r ( l ) i o d i d e , 
( C g H ^ ) g A s C u l j 4 , each copper atom i s d e s c r i b e d as t e t r a h e d r a l l y 
c o o r d i n a t e d t o an a r s e n i c atom and t h r e e i o d i n e atoms, 'bvit 
t h e r e a r e i n a d d i t i o n t h r e e Cu...Cu c o n t a c t s o f 2.60jL 
( W e l l s , 1936) A l s o , i n t h e s t r u c t u r e o f t h e m e t h y l i s o c y a n i d e 
complex o f c o p p e r ( l ) i o d i d e , t h e r e are c h a i n s o f copper 
atoms t e t r a h e d r a l l y c o o r d i n a t e d t o i o d i n e atoms, and 
n e i g h b o u r i n g copper atoms are 2.89iL a p a r t . ( F i s h e r , T a y l o r , 
and H a r d i n g , 1960). I n t h e c r y s t a l s t r u c t u r e o f 
diazoaminohenzene c o p p e r ( l ) , (Brown and D u n i t z , 1961) each 
copper atom i s l i n e a r l y c o o r d i n a t e d t o two n i t r o g e n atoms, 
h u t t h e r e i s a l s o a Cu...Cu c o n t a c t o f 2.45.H.. i n a d i r e c t i o n 
p e r p e n d i c u l a r t o t h e d i r e c t i o n o f t h e honds t o t h e n i t r o g e n 
atoms. Sho r t m e t a l - m e t a l d i s t a n c e s are r e p o r t e d i n t h e 
c r y s t a l s t r u c t u r e s o f some p o l y m e r i c t h i o c a r h a m a t e s o f t h e 
coinage m e t a l s . (Hesse, 1961). I n some o f these cases, 
m e t a l - m e t a l h o n d i n g i s assumed t o occur, and i n o t h e r s , 
t h e c l o s e p r o x i m i t y o f t h e m e t a l atoms i s s a i d t o he due t o 
s t e r i c f a c t o r s , as the atoms are hound t o common groups. 
The s i t u a t i o n i s q u i t e d i f f e r e n t i n t h e case o f c o p p e r ( I I ) 
a c e t a t e d i h y d r a t e , ( N i e k e r k and Schoening, 1953) where weak 
copper-copper honding i s known t o occur. (Cu-Cu = 2.64iL ) 
Here t h e 3 d - o r h i t a l s are n o t c o m p l e t e l y f i l l e d . Each copper 
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atom i n t h e dimer i s o c t a h e d r a l l y c o o r d i n a t e d , w i t h t h e 
o t h e r copper atom occupying one o f t h e o c t a h e d r a l p o s i t i o n s . 
The e t h y n y l carbon atoms CI and CS are c o p l a n a r with, 
t h e p h e n y l carbon atoms C3-C8, and t h e e q u a t i o n o f t h e mean 
p l a n e t h r o u g h these e i g h t atoms i s 
0.2S2-?fc x - 0.6965 y + 0.6717 z = 0.0062 
The d i s t a n c e s or t h e atoms C1-C8 rrom the p l a n e cu-e r e s p e c t i v e l y 
-0.UO4, 0*004, 0.001, -0.006, 0.004, 0.003, -0.012, and 
O.Olol., and t h e mean d i s t a n c e i s 0.0061. The copper atoms 
Cul and Cu2 l i e at d i s t a n c e s 0.029 and -0.4641. f r o m t h e 
p l a n e . The "bond Cul-CI i s t h e r e f o r e v e r y n e a r l y i n t h e 
p l a n e o f t h e p h e n y l e t h y n y l group. 
The e t h y n y l carbon atom 09 i s n o t i n t h e plane o f t h e 
p h e n y l carbon atoms C11-C16. The e q u a t i o n o f t h e mean 
p l a n e t h r o u g h t h e p h e n y l carbon atoms i s : 
0.5138 x - 0.5515 y + 0.6572 z; = -0.0912 
The d i s t a n c e s o f t h e atoms C11-C16 f r o m t h e p l a n e are 
r e s p e c t i v e l y -0.008, -0.003, 0.003, 0.010, -0.021, and 
0 . 0 2 l l . , w h i l e the atoms C9 and CIO are a t d i s t a n c e s 0.095 
and 0 . 0 2 l l . f r o m t h e p l a n e . The bond C11-C10 i s t h e r e f o r e 
i n t h e p l a n e o f t h e p h e n y l groxip, h u t C10-C9 i s t i l t e d out o f 
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th e p l a n e hy ahout 3 . Since Cul' i s a t a d i s t a n c e o f 
o n l y -0.034-iL from t h e p l a n e , t h e system C9, 010, Cul* i s 
a p p r o x i m a t e l y c o p l a n a r w i t h t h e p h e n y l group. 
The e q u a t i o n o f t h e "best p l a n e t h r o u g h t h e f o u r copper 
atoms and a l l t h e p h e n y l e t h y n y l carbon atoms i s : 
0.4730 x - 0.6457 y +- 0.5994 z. = 0 
o 
None o f these atoms i s d i s p l a c e d more t h a n 0.3A. fr o m t h e p l a n e , 
and t h e mean di s p l a c e m e n t i s O . l l i L The p h e n y l group 
(C3-C8) i s i n c l i n e d a t ahout 14°, and the p h e n y l group (C11-C16) 
at ahout 7° t o t h e mean p l a n e . 
The "bond l e n g t h s , and a n g l e s c a l c u l a t e d f r o m t h e f i n a l 
c o o r d i n a t e s are g i v e n i n Tah l e s V I I I and I X . The s t a n d a r d 
d e v i a t i o n s i n t h e bond l e n g t h s were c a l c u l a t e d u s i n g t he 
f o r m u l a : 
where 1 , m, and n are t h e d i r e c t i o n c o s i n e s f o r t h e bond 1-2, 
w i t h r e s p e c t t o t h e c ] ? y s t a l axes a, h, c, and 1, I s t h e hond 
d i s t a n c e 1-2. The f o r m u l a used t o c a l c u l a t e t h e s t a n d a r d 
d e v i a t i o n s f o r t h e hond a n g l e s wasr 
(Dai-low 1960) 
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TABLE V I I I . BOND LENGTHS I N (Me PCuCsCPh)_ 
Bond L e n g t h e.s.d. 
Cul-Cu2 2.450 0.003 
Cul-Cu'1 £.693 0.004 
Cul-Cu'2 4.067 0.003 
Cu2-Pl 2.238 0.005 
Cu2-P2 S • S S 2.< 0.005 
C u l - C l 1.957 0.016 
Cul-C'9 2.085 0.014 
C u l - C 10 2.061 0.016 
Cul-09 2.073 0.015 
Cu2-C9 2.105 0.015 
Cu2-Cl <J • S2 o 0.017 
Cu2-C2 2.975 0.017 
PI-017 1.821 0.021 
P1-C18 1.818 0.023 







C1-C2 1.218 0.023 
C9-G10 1.237 0.022 
02-03 1.449 0.021 
CIO-Gil 1.470 0.022 
C3-C4 1.404 0.023 
C4-C5 1.406 0.024 
C5-C6 1.348 0.027 
06-07 1.391 0.026 
07-08 1 • 382 0.023 
C8-C3 1.401 0.022 
C11-C12 1.394 0.024 
012-013 1.457 0.026 
013-014 1. 354 0.031 
014-015 1.389 0.032 
015-016 1.384 0.027 
C16-C11 1.411 0.025 
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CABLE IX . Bond A n g l e s i n (Me 3PCuC»CPh) 4. 
Angle e.s.d. 
Cft^-Cul-Cul 1 104.4 0.1 
Cul-Cu2-Pl 109.4 0.2 
Cul-Cu2-P2 126.7 0.2 
Cl-Cul-C9 114.0 0.6 
CI - C u l - C9,10' 129 
C9-Cul-09,10* 117 
P1-CU.2-P2 123 . 8 0.2 
Pl-CuS-Cl 104.1 0.4 
Pl-Cu2-C9 101.9 0.4 
P2-Cu2-Cl 109.0 0.4 
P2-Cu2-C9 113.0 0.4 
C1-CU2-C9 102.7 0.6 
Cul-C9-Cu2 71.8 0.5 
Cul-Cu2-C9 53. 5 0.4 
Cu2-Cul-C9 54.7 0.4 
Cul-Cl-Cu2 71.5 0.5 
Cul-Cu2-Cl 49.2 0.4 
Cu2-Cul-Cl 59.2 0.4 
Cul-Cul'-C9 ! 49.8 0.4 
Cu' 1-Cul-CI 163.7 0.5 
Cul-CI-02 172.0 1.4 
\W/CL£*,"~ {j 1*— 0 3 116.6 1.4 
C1-C2-C3 178.9 1.7 
C9-C10-C11 153.7 1.5 
Cul-C9-CIO 152. 3 1.3 
Cu2-C9-C10 135.6 1.2 
Cu,l-C,9-C, 10 71.6 1.0 
Cul-C' 10-C 1 9 73.7 1.0 
Cu2-Pl-C17 113.4 0.7 
Cu2-Pl-Cl8 115.7 0.7 







C17-P1-C18 102.1 1.0 
C18-P1-C19 101.0 1.0 

































_LJ3S« 1 1 • <3 
Mean Cu-P-C ( P I ) 116.1 
Mean Cu-P-C (P2) 115.8 
Mean C-P-C ( P i ) 102.2 
Mean C-C-C(phenyl) 120.0 
where 0 i s t h e angle 1-2-3, and 1 . , 1„, and 1 . ^ are t h e 
d i s t a n c e s 1-2, 2-3, and 1-3. The <f's a r e t h e r o o t mean square 
s t a n d a r d d e v i a t i o n s f o r t h e atoms 1,2,3. I n t h i s compound 
the v a l u e s o f t h e s t a n d a r d d e v i a t i o n s i n d i f f e r e n t d i r e c t i o n s 
are r o u g h l y t h e same f o r any one atom, so t h a t the e r r o r 
i n t h e e.s.d.'s f o r t h e "bond angles w i l l "be v e r y s m a l l . 
The C=C d i s t a n c e s are 1.218 + 0.023 £. f o r C1-C2, and 
1.237 + 0.022 A. f o r C9-C10. The average CsG d i s t a n c e s f o u n d 
o $- £ 
f o r t r i p l e bonds i s 1.205A., and t h e v a l u e s o f t = —p- f o r 
th e two e t h y n y l groups are 0.5 f o r C1-G2, and 1.5 f o r C9-C10. 
The two bond l e n g t h s are t h e r e f o r e n o t s i g n i f i c a n t l y d i f f e r e n t 
f r om t h e v a l u e o f 1.205.1. The angle Cul-Cl-CS i s 172.0 + 
1.4°, a v a l u e s i g n i f i c a n t l y d i f f e r e n t f r o m 180°. The 
d i s t o r t i o n o f t h e angle a t Gl i s such as t o i n c r e a s e t h e 
d i s t a n c e between t h e copper atoms Cul and Cu2. The a n g l e 
C1-C2-C3 i s 178.9 1.7°, c l o s e t o 180°, b u t t h e angle 
C9-C10-C11 i s 153.7 + 1.5°. The d i s t o r t i o n o f t h e l i n e a r ( s p ) 
arrangement a t CIO i s such as t o bend t h e bond t o t h e p h e n y l 
group away f r o m C u l ' . There i s a s i m i l a r d e f o r m a t i o n i n 
t h e e t h y n y l - c o p p e r complexes d e s c r i b e d by C a r t e r and. Hughes, 
(1957) where t h e e t h y n y l group i s r e p o r t e d t o adopt a ' c i s . ' -
c o n f i g u r a t i o n when i t i s crrr-bonded t o t h e copper atom. 
The bond distance:- C u l - C l i s 1.957 + 0.0161. T h i s i s 
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s l i g h t l y g r e a t e r than t h e copper—carlo on d i s t a n c e s i n t h e 
t r i g o n a l l y - - c o o r d i n a t e d cuprous c y a n i d e complexes, 1.92A". 
i n KCu(CN) s, 1.89 and 1.87iL i n KCu g(CN) 3. (Cromer, 1959; 
Cromer and Lar s o n , 1962). The mean o f t h e two- and 
f o u r - c o v a l e n t r a d i i f o r c o p p e r ( l ) , ( P a u l i n g , 1960, p . 2 5 3 ) r 
i s 1.27A. Hence t h e l e n g t h expected f o r Cu-G "bonds 
w i t h t h e carbon atom i n sp h y b r i d i s a t i o n would he 1.9?iL , 
and some h o n d - s h o r t e n i n g due t o 'end-on' rT-"bonding i n t h e 
cyanide complexes i s p o s s i b l e . I n t h e p r e s e n t case, t h i s 
e f f e c t may a l s o occur. The t h r e e - c o v a l e n t r a d i u s o f t h e 
copper atom seems i n a p p r o p r i a t e "because o f t h e c l o s e p r o x i m i t y 
o f Cu2 and C u l ' , and a l a r g e r v a l u e m i g h t he expected. The 
honding "between Cul-and C9'-C10' i s c l e a r l y o f t h e <rtr-type 
d i s c u s s e d i n t h e i n t r o d u c t i o n . The d i s t a n c e s Cul-C9 f, 
Cul-C10' are 2.09 and 2.06A., equal w i t h i n e x p e r i m e n t a l 
e r r o r . There are two o t h e r t y p e s o f copper-carbon d i s t a n c e s , 
Cul-C9 and Cu2-C9, (2.07, 2.111. ) and Cu2-Cl and Cu2-C2 
(2.22 and 2.98A.). The i n t e r a c t i o n i n th e s e cases i s 
c o n s i d e r e d i n the D i s c u s s i o n , ( p . 106). The angles a t C9 
are Cu2-C9-C10 = 136°, and Cul-C9-C10 = 152°. 
The mean carbon-carbon l e n g t h i n t h e p h e n y l groups i s 
1.393A. and t h e mean hond a n g l e i s 120.0°. I f t h e i n d i v i d u a l 
v a l ues o f the "bond l e n g t h s i n t h e p h e n y l groups are assumed t o 
he e s t i m a t e s o f t h e same q u a n t i t y , a s t a t i s t i c a l s t a n d a r d 
d e v i a t i o n i n t h e bond l e n g t h o f 0.0281. may he deduced, and a 
st a n d a r d d e v i a t i o n i n t h e hond angles o f 1.7° i s 
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o b t a i n e d by s i m i l a r means. These v a l u e s are 
v e r y s i m i l a r t o t h e average v a l u e s o f 0.026$. and 1.6° 
o b t a i n e d from t h e l e a s t squares e s t i m a t e s o f t h e c o o r d i n a t e 
s t a n d a r d d e v i a t i o n s . The carbon-carbon s i n g l e bonds C2-C3 
and C10-C11 are c o n t r a c t e d t o 1.45 and 1.47iL r e s p e c t i v e l y . . 
These v a l u e s a re i n r e a s o n a b l e agreement w i t h an e s t i m a t e d 
v a l u e o f about 1., 4 5 i . f o r a carbon-carbon s i n g l e bond a d j a c e n t 
t o b o t h an e t h y n y l group and a p h e n y l group. The d i f f e r e n c e 
between, t h e two bond l e n g t h s 02-03 and C10-C11 i s n o t 
s i g n i f i c a n t . 
The v a l u e s o f t h e phosphorus-carbon bond l e n g t h s f o r P i 
are a l l t h e same w i t h i n e x p e r i m e n t a l e r r o r , and t h e mean 
d i s t a n c e i s 1.83.8. T h i s i s 0.04.8.. l e s s t h a n t h e sum o f 
the c o v a l e n t r a d i i f o r phosphorus and carbon, (1.87iL ) b u t 
th e d i f f e r e n c e i s o n l y p o s s i b l y s i g n i f i c a n t . The phosphorus-
carbon bond l e n g t h s i n t r i m e t h y l p h o s p h i n e and i n t h e 
d i m e t h y l p h o s p h i n o b o r i n e t r i m e r , (Me 0P.BH 0)r,, are 1.87 and 1.841. 
r e s p e c t i v e l y . ( S p r i n g a l l and B rockway, 1938; H a m i l t o n , 1955). 
The Cu-P-C angles a t P i a re 113.4, 115.7, and 119.0°, a l l 
+ 0.,7°. C o n s i d e r i n g t h e a n g l e s i n p a i r s , t h e v a l u e s o f 
+ / Angle 1-Angle 2 •, -, „ t ( = — f — ) are r e s p e c t i v e l y 2.1, 3.3, and 5.4 5 
and t h e d i f f e r e n c e s a re t h e r e f o r e s i g n i f i c a n t . The ang l e s 
are a l l g r e a t e r t h a n t h e t e t r a h e d r a l v a l u e o f 109°, and t h e 
average v a l u e i s 116°. The phosphorus-carbon bond l e n g t h s 
and t h e Cu-P-C angles f o r P2 v a r y g r e a t l y , which i s n o t 
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s u r p r i s i n g , s i n c e t h e p a r t i a l atoms C20a-C22b may 
r e p r e s e n t o n l y s m a l l maxima i n t h e e l e c t r o n d e n s i t y 
d i s t r i b u t i o n . The average v a l u e s o f 1.871. and 116° f o r 
t h e P-C Pond l e n g t h s and t h e P-C angles agree q u i t e w e l l 
w i t h t h e c o r r e s p o n d i n g valu.es f o r P i . 
The Cu-P d i s t a n c e s of" 2.22 and 2.241. are r a t h e r l e s s 
t h a n would he expected f o r a s i n g l e c oval en t 'bond, f o r 
which a v a l u e o f 2.45A. i s e s t i m a t e d , u s i n g a t e t r a h e d r a l 
c o v a l e n t r a d i u s o f 1.351. f o r c o p p e r ( l ) , ( K l e i n b e r g e t a l . 
1960). The c o n t r a c t i o n suggests some double bond c h a r a c t e r 
i n t h e Cu-P bond, presumably a r i s i n g f r o m 4drr -3d.n- b o n d i n g . 
The mean Cu-P-C angle o f 116°, and t h e mean C-P-C angle 
o f 102° are c o n s i s t e n t w i t h t h i s view, f o r i t would be 
expected t h a t t h e e x t r a e l e c t r o n d e n s i t y i n t h e copper 1 
phosphorus bond would r e p e l t h e s i n g l e bond p a i r s more t h a n 
t h e l a t t e r r e p e l each o t h e r . A s i m i l a r d i s t o r t i o n o f 
t e t r a h e d r a l angles i s observed i n many phosphorus compounds 
where t h e r e i s d o u b l e b o n d i n g , f o r i n s t a n c e i n PCl^O, where 
t h e C l - P - C l a n g l e i s 103.5°. (Badgley and L i v i n g s t o n , 
1954). 
The p a c k i n g i n t h e c r y s t a l i s i l l u s t r a t e d i n p i g . 3, 
where t h e s t r u c t u r e i s p r o j e c t e d a l o n g t h e 'a' a x i s . Only 
s i x o f t h e approach d i s t a n c e s are l e s s t h a n 3.7A., and t h e y 








u I I I I u 
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be any s i g n i f i c a n t i n t e r a c t i o n between t h e molecules;. 
The i n t e r m o l e c u l a r c o n t a c t s l e s s t h a n 4. are l i s t e d 
i n T able X. There i s o n l y one p a i r o f p h e n y l groups w i t h 
approach d i s t a n c e s o f less, t h a n 4..0&. , and th e s e c o n t a c t s 
are t h e ones i n d i c a t e d i n F i g . 3:. The c o n t a c t s are between 
th e atoms C4, 05, C6 a t ( x , y, z) and 014, C15 a t (-•|+x, 
•|-y, - s ) , and are a l l g r e a t e r t h a n 3.7JL except C5-C15 
o 
which i s 3.58A. Three c o n t a c t s between p h e n y l and m e t h y l 
carbon atoms are 3.5-3.6.1., t h e o t h e r s a r e a l l g r e a t e r t h a n 
3.sl. Of t h e m e t h y l - m e t h y l c o n t a c t s , t h e r e i s one o f 
3.561., which represents: t h e s h o r t e s t c o n t a c t between [feetramers 
r e p e a t e d by t h e t r a n s l a t i o n 'a'. W i t h i n t h e t e t r a m e r i t s e l f , 
t h e s h o r t e s t c o n t a c t s are C2-C22a = 3 . 4 0 l . , and C16-C21b = 
3 . . 4 l l . 
The t e m p e r a t u r e p a r a m e t e r s are g e n e r a l l y l a r g e r for:.-
atoms a t t h e o u t e r p a r t s o f t h e m o l e c u l e , such as t h e m e t h y l 
carbon atoms 017-019, and t h e atoms 05-07 and 013-015. 
P o s s i b l y , t h e r e i s an o v e r a l l v i b r a t i o n o f t h e ph e n y l groups 
and t h e t r i m e t h y l p h o s p h i n e groups about t h e bonds l i n k i n g 
them t o t h e c e n t r e o f t h e m o l e c u l e . No a t t e m p t has been 
made t o a l l o w f o r any e f f e e t on' t h e atomic coordinates:., 
The magnitudes and d i r e c t i o n s o f t h e v i b r a t i o n e l l i p s o i d s f o r 
some o f t h e atoms are g i v e n i n t a b l e X I . The values: g i v e n 
i n d i c a t e frhat t h e phosphorus atoms are v i b r a t i n g m a i n l y i n 
TABLE X. (Me 5PCuCaCPh) 4 Non-Bonding Contacts <4 £. 
I n t r a m o l e c u l a r ( e x c l u d i n g c o n t a c t s between atoms 





C l - C l l ' 3.86 












I n t e r p o l o c u l a r 















-|+x t - y -z 
C18-C20a 3.98 
C18-C2010 3.83 
2 — x 2 + y z 
C7-C17 3.90 





-|+x y i - z 
C4-C19 3.61 
C5-C19 3.87 








The f i r s t atom i n each p a i r i s taken t o he a t ( x , y, z) 
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TABLE X I . The Magnitudes and D i r e c t i o n s o f t h e P r i n c i p a l 
Axes o f t h e V i b r a t i o n E l l i p s o i d s f o r Some Atoms. 
A- L L At om U 1 0 \ , 1 0 % 2 1 0 % 3 
Cul i = l 0.0778 0958 3735 -9226 
i = 2 0.0524 9794 -2015 0196 
i = S 0.0332 1768 9055 3851 
Cu2 i = l 0.0885 2129 0417 -9767 
i=2 0.0592 9416 -2774 1934 
i=3 0.0359 2620 9601 0984 
P I i = l 0.0721 5770 2230 7859 
i=2 0.0613 6518 4543 -6075 
i = 3 0.0452 -5319 8444 0608 
P2 i = l 0.1403 -6537 1615 7396 
i=2 0.0680 7139 -1832 6761 
i=3 0.0401 2253 9741 -0223 
01 i = l 0.1085 5371 3969 -7440 
i=2 0.0637 7764 0666 6262 
i = 3 0.0419 - 3303 9152 2306 
i = l 0.0996 0637 3234 -9443 
i=2 0.0553 -0491 9435 3278 
i=3 0.0401 9919 0884 0916 
C9 i = l 0.0678 1527 -2764 9488 
1=2 0.0607 -8765 3737 3101 
i=3 0.0343 4260 8860 1842 
CIO i = l 0.0855 -4746 0523 8783 
i = 2 0.0547 8398 -2762 4680 
i=3 0.0473 2805 0935 
' g j i ' i s t h e d i r e c t i o n c o s i n e o f t h e p r i n c i p a l a x i s ' i ' 
J w i t h r e s p e c t t o t h e c e l l a x i s ' j ' . 
'U' i s t h e magnitude o f t h e a x i s o f t h e v i b r a t i o n 
e l l i p s o i d i n U 2. 
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d i r e c t i o n s p e r p e n d i c u l a r t o t h e copper-phosphorus bonds, 
as mig h t he expected. The major axes o f t h e v i D r a t i o n 
e l l i p s o i d s o f t h e copper atoms and t h e e t h y n y l carbon atoms 
are n o t p e r p e n d i c u l a r t o t h e p l a n e o f t h e m o l e c u l e , h u t are 
a l l p o i n t i n g i n r o u g h l y t h e same d i r e c t i o n , a t an. angle 
o f about 45° t o t h e normal o f t h e mean m o l e c u l a r p l a n e . 
T h i s group o f atoms p o s s i b l y v i b r a t e s m a i n l y as a r i g i d 
body. 
TABLE V I 1 ^ Observed and Calculated Structure Factors. 
Successive columns give values 
h = 0 
0 0 — 1984 4 8 40 36 
0 2 422 383 4 9 29 25 
0 4 222 208 4 10 127 119 
0 6 <16 -5 4 11 15 -14 
0 8 112 -101 4 12 68 66 
0 10 117 -116 4 13 31 32 
0 12 179 -174 4 14 97 88 
0 14 84 - 8 ^ 4 15 39 36 
0 16 67 -65 4 16 77 72 
0 18 24 22 4 17 64 64 
0 20 75 71 4 18 21 24 
0 22 29 26 4 19 46 47 
0 24 27 27 4 20 <21 - 4 
4 21 <21 2 
2 0 193 179 4 22 <21 - 8 
2 i : 129 -125 4 23 <21 -16 
2 2 154 166 
6 2 3 432 -413 0 102 -104 
2 4 277 -259 6 1 32 27 
2 f 163 -162 6 2 94 -98 
2 6 75 —87 6 3 27 14 
2 7 260 -233 6 4 49 -46 
2 8 149 -144 6 5 33 -21 
2 9 91 -83 6 6 27 - 24 
2 10 152 -135 6 7 38 34 
2 11 20 -21 6 8 23 23 
2 12 102 -104 6 9 100 95 
2 13 20 24 6 10 74 -73 
2 14 81 -79 6 11 71 67 
2 15 64 61 6 12 39 -36 
2 16 < 18 -12 6 13 48 49 
2 17 n 90 6 14 <20 1 2 18 22 21 6 15 29 31 
2 1 f so 74 6 16 <20 27 
2 20 26 22 6 17 <21 8 
2 21 <21 16 6 18 <21 1 
2 22 <21 2 6 19 21 18 
2 23 <21 -7 6 20 27 -26 
6 21 <21 -13 
4 0 143 144 6 22 31 -26 
4 1 226 -213 6 23 21 -17 
4 2 <11 6 
4 3 78 -83 8 0 53 52 
4 4 <12 4 8 1 15 17 
4 5 328 -291 8 2 36 37 
4 6 22 33 8 3 74 -70 
4 7 106 -91 8 4 90 72 
of k , 1, |P I , F ' ' o ' c 
8 5 97 -91 12 8 91 89 
8 6 59 55 12 9 <20 12 
8 7 79 -76 12 10 132 120 
8 8 37 35 12 11 <20 8 
8 9 <18 -10 12 12 129 117 
8 10 27 29 12 13 <21 3 
8 11 <19 -9 12 14 57 57 
8 12 <20 -8 12 15 <22 -23 
8 13 44 43 12 16 27 27 
8 14 <20 9 12 17 34 -34 
8 15 26 31 12 18 <22 -16 
8 16 36 32 12 19 27 -30 
8 17 34 28 
8 18 <21 14 0 <19 -4 
8 19 <21 4 14 1 71 65 
8 20 <21 -19 14 2 <20 -12 
14 3 130 119 
10 0 253 -242 14 4 44 -i46 
10 1 <17 10 14 5 151 139 
10 2 136 -128 14 6 42 -44 
10 3 34 -33 14 7 106 95 
10 4 107 -98 14 i% <21 -10 
10 5 114 -111 14 9 79 77 
10 6 <18 18 14 10 21 18 
10 7 96 -93 14 11 <21 4 
10 8 39 34 14 12 <21 -13 
10 9 70 -66 14 13 <21 -13 
10 10 41 37 14 14 22 -22 
10 11 <20 -7 14 15 41 -36 
10 12 35 30 14 16 34 -31 
10 13 41 3S 14 17 44 -43 
10 14 45 37 14 18 <22 -12 
10 15 62 60 14 19 26 -26 
10 16 <21 10 
10 17 <21 17 16 0 165 147 
10 18 <21 -14 16 1 <21 4 
10 19 <21 7 16 2 109 103 
10 20 34 -33 16 3 <21 10 
16 4 37 31 
12 0 119 -111 16 5 <21 21 
12 1 39 33 16 6 <21 2 
12 2 145 -137 16 7 46 38 
12 3 112 112 16 8 25 -18 
12 4 49 -50 16 9 <22 -7 
-12 5 72 74 16 10 25 -22 
12 6 <19 -1 16 11 31 -24 
12 7 48 46 16 12 31 -27 
TABLE V I I . -continued. 
16 1# 49 -47 1 17 <19 17 
16 14 41 «34 1 18 33 31 
16 15 25 -28 1 19 21 22 
16 16 22 -21 1 20 24 19 
1 21 23 25 
18 0 <21 4 
18 1 <22 -22 2 1 219 -245 
18 2 <22 9 2 2 34 55 
18 3 <22 -22 2 3 102 -112 
18 4 <22 -7 2 4 123 -113 
18 5 <22 - 8 2 5 67 66 
18 6 22 -26 2 6 49 49 
18 7 <22 -12 2 7 23 23 
18 8 28 -26 2 8 28 32 
18 9 <22 -8 2 9 39 43 
18 10 35 -33 2 10 <14 18 
2 11 39 39 
20 0 <22 8 2 12 <17 
2 13 53 50 
22 0 <21 16 2 14 51 -54 
2 15 76 74 h = 1 2 16 <18 -10 
2 17 19 24 
0 2 51 ^49 2 18 <20 4 
0 4 189 -190 2 19 <20 -3 
0 6 105 -98 2 20 <19 26 
0 8 102 -80 
0 10 25 -30 3 1 <15 -7 
0 12 <14 -5 3 2 79 -84 
0 14 <16 2 3 3 130 131 
0 16 41 36 3 .4 281 -283 
0 18 70 65 3 5 44 —45 
0 20 53 53 3 6 89 -102 
0 22 <19 9 3 7 <14 -8 
3 8 175 -168 
1 1 — 287 3 9 72 -72 
1 2 126 -132 3 10 22 -27 
1 3 231 234 £ 11 19 -12 
1 4 74 -74 3 12 28 27 
1 5 <11 21 3 13 <18 -5 
1 6 86 -90 3 14 57 57 
1 7 84 -83 3 15 <19 20 
1 8 95 -94 3 16 77 78 
1 9 117 -115 3 17 19 23 
1 10 33 -35 3 18 41 35 
1 11 164 -163 3 19 <19 5 
1 12 <21 2 
1 13 91 -88 4 1 114 -106 
1 14 52 49 4 2 165 174 
1 15 40 -34 4 3 51 -53 
1 16 42 43 4 4 197 194 
4 62 82 6 16 <20 -13 
4 6 110 118 6 17 <21 -14 
4 7 34 33 6 18 <21 -6 
4 8 90 96 6 19 <22 5 
4 9 34 -38 
4 10 54 51 7 1 <13 6 
4 11 46 -48 7 2 42 -44 
4 12 34 36 7 3 44 -43 
4 13 <18 0 7 4 82 -80 
4 14 <19 10 7 5 <15 -21 
4 15 34 37 7 6 15 18 
4 16 35 -33 7 7 27 -33 
4 17 <22 12 7 8 81 -78 
4 18 <21 -15 7 9 56 61 
4 19 <22 0 7 10 43 46 
7 11 18 21 
5 1 57 -55 7 12 37 41 
5 2 56 -54 7 13 <19 10 
5 3 72 -70 7 14 37 29 
5 4 45 42 7 15 <20 -11 
5 5 24 -34 7 16 29 24 
5 6 118 -116 7 17 <21 -9 
5 7 20 27 7 18 <22 16 
5 8 <16 -9 
5 9 30 33 8 1 <17 -12 
5 10 <17 - 2 8 2 <14 -12 
5 11 33 37 8 3 <15 
5 12 75 78 8 4 <15 - 6 
5 13 61 61 8 5 26 -29 
5 14 56 55 8 6 90 -95 
5 15 20 26 8 7 <16 12 
5 16 52 52 8 8 152 -148 
5 17 <21 7 8 9 17 22 
5 18 <21 +S 8 10 49 -50 
5 19 <21 - 1 8 11 <18 25 
8 12 27 31 
6 1 110 103 8 13 <19 15 
6 2 <12 11 8 14 51 48 
6 3 42 52 8 15 <20 5 
6 4 24 25 8 16 25 30 
6 5 96 101 8 17 <22 5 
6 6 36 -38 
6 7 21 -20 9 1 60 -64 
6 8 91 -87 9 2 48 -50 
6 9 82 -84 9 3 28 -25 
6 10 36 -4-1 9 4 52 -58 
6 11 114 -111 9 5 34 -33 
6 12 <18 22 9 6 66 -60 
6 13 68 -63 9 7 44 50 
6 14 <19 0 9 8 <17 -9 
6 15 <20 -13 9 9 59 62 
9 10 <18 -9 
9 11 74 75 
9 12 <19 1 
9 13 <20 19 
9 14 <20 23 
9 15 <20 14 
9 16 47 44 
9 17 <22 -11 
10 1 109 -112 
10 2 <16 3 
10 3 108 -108 
10 4 16 27 
10 5 94 -94 
10 6 <17 -14 
10 7 <17 -20 
10 8 25 -24 
10 9 65 62 
10 10 <19 -16 
10 11 69 64 
10 12 <19 8 
10 13 43 33 
10 14 <20 -10 
10 15 29 18 
10 16 <21 -10 
10 17 <23 -2 
11 1 163 -161 
11 2 <17 4 
11 3 132 -128 
11 4 <17 - 1 
11 5 30 -33 
11 6 25 28 
11 7 38 41 
11 8 <18 22 
11 9 67 69 
11 10 <19 5 
11 11 59 59 
11 12 <20 -3 
11 13 75 76 
11 14 < 21 -11 
11 15 21 16 
11 16 <21 -8 
12 1 74 74 
12 2 43 43 
12 3 33 22 
12 4 62 58 
12 <18 -14 
12 6 80 75 
12 7 <19 4 
TABLE V I I . 
12 8 55 54 
12 9 43 44 
12 10 34 32 
12 11 20 23 
12 12 <20 0 
12 13 <21 -2 
12 14 <21 -14 
12 15 <21 -12 
12 16 <21 -13 
13 1 54 -56 
13 2 59 58 
13 3 36 -32 
13 4 108 111 
13 5 <19 10 
13 6 98 90 
13 7 27 30 
13 8 63 63 
13 9 40 39 
13 10 29 30 
13 11 46 46 
13 12 <20 -9 
13 13 21 17 
13 14 37 -32 
13 15 <21 11 
13 16 47 -39 
14 1 40 43 
14 2 <19 -24 
14 3 <19 7 
14 4 33 -30 
14 5 <19 -16 
14 6 <19 -5 
14 7 <20 -13 
14 8 <20 13 
14 9 20 -28 
14 10 <20 -5 
14 11 39 -40 
14 12 <21 -21 
14 13 37 -36 
14 14 <21 -21 
14 15 <22 -21 
14 16 <22 -6 
15 1 36 33 
15 2 61 60 
15 3 <20 19 
15 4 66 67 
15 5 <20 3 
15 6 82 78 
15 7 <20 -12 
continued. 
15 8 51 50 
15 9 <20 -19 
15 10 <21 10 
15 11 45 -37 
15 12 <19 -19 
15 13 22 -25, 
15 14 42 -40 
15 15 27 -24 
15 16 32 -31 
16 1 <20 7 
16 2 35 -34 
16 3 <20 3 
16 4 50 -46 
16 5 <20 23 
16 6 36 -36 
16 7 30 29 
16 8 <21 -22 
16 9 <21 17 
17 1 60 55 
17 2 <21 4 
17 3 36 36 
17 4 <21 14 
17 5 <21 17 
17 6 <21 7 
17 7 <22 -7 
17 8 <21 -12 
18 1 58 -62 
18 2 <21 7 
18 3 34 -37 
18 4 <21 11 
18 5 <23 -6 
19 1 <22 9 
19 2 <22 4 
19 3 <22 14 
19 4 <22 -1 
20 1 <20 16 
fO 2 39 26 
20 3 <23 15 
20 4 23 31 
h = 2 
0 0 28 -10 
0 2 74 -84 
0 4 189 168 
0 6 47 -4-5 
0 8 172 -157 
0 10 157 -149 
0 12 116 -114 
0 14 <19 -6 
0 16 20 17 
0 18 29 36 
0 20 <19 15 
1 0 304 -286 
1 1 <23 -27 
1 2 195 -163 
1 3 39 32 
1 4 208 -192 
1 5 14 12 
1 6 38 -47 
1 7 72 -83 
1 8 13 24 
1 9 17 -29 
1 10 <16 1 
1 11 46 -53 
1 12 47 52 
1 13 21 26 
1 14 20 21 
1 15 24 28 
1 16 <20 -8 
1 17 20 24 
1 18 <21 14 
1 19 <22 14 
1 20 <22 -17 
1 21 <23 11 
2 0 44 -52 
2 1 — - 61 
2 2 310 284 
2 3 104 -84 
2 4 253 216 
2 5 <17 -13 
2 6 41 50 
2 7 <13 -27 
2 8 85 -84 
1 9 59 -56 
2 10 104 -104 
2 11 17 20 
2 12 34 -37 
2 13 37 40 
2 14 17 -24 
2 15 55 58 
2 16 18 19 
2 17 <19 2 
2 18 26 25 
2 19 <21 -7 
- 55 -
TABLE V I I . -continued. 
2 20 <21 22 5 4 <16 -23 7 16 <21 0 10 11 <19 1 
2 21 <21 - 8 5 5 170 156 7 17 <22 29 10 12 81 82 
5 6 84 -88 10 13 <20 -15 
3 0 69 60 5 7 82 88 8 0 148 -140 10 14 21 31 
3 1 — -37 5 8 32 -40 8 1 33 -39 10 15 <21 -21 
3 2 — - 4 5 9 35 49 8 2 182 -184 
3 3 213 214 5 10 131 -126 8 3 73 -84 11 0 39 -34 
3 4 123 -110 5 11 <17 28 8 4 110 -107 11 1 <20 17 
3 3 211 180 5 12 54 -63 8 5 38 -43 11 2 35 -36 
3 6 45 48. 5 13 <19 -18 8 6 45 -49 11 3 62 66 
3 7 113 110 5 14 86 -89 8 7 16 -17 11 4 <17 9 
3 8 48 52 5 15 20 -30 8 8 37 39 11 5 54 59 
3 9 56 68 5 16 34 -36 8 9 <17 -10 11 6 31 36 
3 10 78 74 5 17 <21 -6 8 10 136 136 11 7 40 41 
3 11 <16 21 8 11 18 30 11 8 43 45 
3 12 94 93 6 0 41 42 8 12 95 94 11 9 25 26 
3 13 <18 -12 6 1 57 -58 8 13 28 32 11 10 36 33 
3 14 47 48 6 2 14 -11 8 14 20 23 11 11 <20 0 
3 15 18 -20 6 3 139 -137 8 15 21 32 11 12 35 44 
3 16 <19 18 6 4 28 -34 8 16 <21 -5 11 13 <21 -6 
3 17 33 -33 6 5 189 -178 11 14 26 28 
3 18 <21 17 6 6 <17 5 9 0 164 -159 11 15 <22 -27 
3 19 <22 -9 6 7 205 -191 9 1 <15 -15 
3 20 <23 12 6 8 27 34 9 2 131 -131 12 0 72 -72 
3 21 28 -21 6 9 108 -110 9 3 45 -47 12 1 19 -13 
6 10 79 86 9 4 98 -98 12 2 63 -64 
4 0 22 20 6 11 <17 - 2 9 5 98 -95 12 3 <17 20 
4 1 13 12 6 12 66 79 9 6 <16 -16 12 4 <17 9 
4 2 8 12 6 13 74 80 9 7 49 -51 12 5 58 62 
4 3 34 -34 6 14 34 36 9 8 <17 5 12 6 20 29 
4 4 93 94 6 15 63 67 9 9 42 -45 12 7 62 62 
4 5 207 -192 6 16 <21 -28 9 10 <18 12 8 <19 14 
4 6 23 -17 6 17 34 34 9 11 <19 -15 12 9 40 35 
4 7 118 -127 9 12 <19 17 12 10 <20 10 
4 8 127 -132 7 0 137 138 9 13 <20 -11 12 11 <20 17 
4 9 76 -87 7 1 <13 -10 9 14 <21 19 12 12 <21 6 
4 10 95 -1 00 7 2 141 141 9 15 21 27 12 13 <21 -20 
4 11 <17 0 7 3 80 -97 9 16 <21 16 12 14 <22 
4 12 45 -49 7 4 39 46 12 1 5 32 -35 
4 13 99 102 7 5 74 -83 10 0 115 -113 
4 14 33 -33 7 6 21 27 10 1 28 -31 13 0 20 22 
4 15 82 86 7 7 90 -92 10 2 51 -51 13 1 20 31 
4 16 <21 -15 7 8 <19 -20 10 3 16 -19 13 2 <18 15 
4 17 39 40 7 9 28 -39 10 4 43 -45 13 3 34 36 
4 18 <21 -10 7 10 17 -11 10 5 36 39 13 4 21 21 
7 11 43 -49 10 6 35 28 13 5 37 38 
5 0 150 133 7 12 19 -33 10 7 70 74 13 6 <19 -11 
5 1 <16 9 7 13 <19 -17 10 8 81 81 13 7 <19 11 
5 2 52 48 7 14 <20 -17 10 9 68 66 13 8 31 -29 
5 3 101 92 7 15 <21 13 10 10 81 83 13 9 <20 15 
- 56 -
TABLE V I I . -continued. 
13 10 40 -44 
13 11 <21 4 
13 12 54 -53 
13 13 <22 0 
13 14 22 -30 
13 15 <22 -4 
14 0 44 -49 
14 1 <19 6 
14 2 <19 -3 
14 3 23 17 
14 4 31 27 
14 5 35 37 
14 6 26 29 
14 7 20 25 
14 8 <20 25 
14 9 <21 20 
14 10 <21 9 
14 11 <21 -11 
14 12 <22 -2 
14 13 22 -28 
14 14 <22 4 
14 15 23 -35 
15 0 43 42 
15 1 <19 -3 
15 2 61 61 
15 3 22 -27 
15 4 20 23 
15 5 53 -52 
15 6 20 24 
15 7 53 -52 
15 8 <21 5 
15 9 52 -48 
15 10 <22 -1 
15 11 <22 -20 
16 0 20 -18 
16 1 25 28 
16 2 <20 -22 
16 3 46 46 
16 4 <21 6 
16 5 51 50 
16 6 <21 11 
16 7 40 39 
16 8 <22 -7 
16 9 <22 6 
17 0 50 -49 
17 1 <21 -7 
17 2 59 -55 
17 3 <21 5 
17 4 28 -28 
17 5 <22 -13 
17 6 <21 -17 
18 0 32 30 
18 1 <22 11 
18 2 46 46 
18 3 38 37 
18 4 22 28 
18 5 32 37 
19 0 <22 2 
19 1 <23 16 
19 2 <23 0 
19 3 <23 13 
19 4 <23 -2 
19 5 33 28 
20 0 47 47 
20 1 <23 7 
20 2 23 29 
21 0 24 22 
22 0 27 27 
h = 3 
0 2 <13 - 4 
0 4 25 38 
0 6 <15 8 
0 8 52 -51 
0 10 37 -35 
0 12 <15 -3 
0 14 34 38 
0 16 <17 12 
0 18 <18 -2 
0 20 <19 -13 
0 22 <19 2 
1 1 115 112 
1 2 53 -59 
1 3 103 -106 
1 4 27 26 
1 5 15 -23 
1 6 76 75 
1 7 84 -83 
1 8 31 31 
1 9 17 -20 
10 28 35 
11 <17 -19 
12 <17 -6 
13 23 -25 
14 <19 -22 
15 <19 -1 
16 <20 -17 
17 <20 4 
18 <21 -16 
19 38 43 
20 <23 -5 
21 23 27 
22 24 -23 
2 1 46 -43 
2 2 95 93 
2 3 22 24 
2 4 17 -7 
2 5 68 -68 
2 6 37 44 
2 7 64 -57 
2 8 <14 -1 
2 9 44 45 
2 10 <16 -11 
2 11 41 43 
2 12 31 27 
2 13 <17 5 
2 14 <18 20 
2 15 <18 -3 
2 16 22 29 
2 17 <20 0 
2 18 20 -20 
2 19 <21 - 2 
2 20 <21 -7 
2 21 <23 7 
3 1 185 196 
3 2 52 -53 
3 3 245 227 
3 4 50 -55 
3 5 66 60 
3 6 32 -29 
3 7 37 -43 
3 8 52 50 
3 9 110 -116 
3 10 33 39 
3 11 95 -95 
3 12 <17 20 
3 13 100 -92 
3 14 30 32 
3 15 44 -47 
3 16 20 22 
3 17 <21 4 
3 18 27 32 
3 19 <22 13 
3 20 <23 3 
3 21 28 31 
4 1 <12 13 
4 2 39 38 
4 3 <13 8 
4 4 <14 16 
4 89 -86 
4 6 22 30 
4 7 41 -48 
4 8 47 53 
4 9 31 30 
4 10 <17 0 
4 11 25 29 
4 12 33 -33 
4 13 <19 -10 
4 14 <18 3 
4 15 <20 -10 
4 16 <20 -8 
4 17 <21 -9 
4 18 <21 -4 
4 19 <22 5 
4 20 <23 -9 
5 1 16 19 
5 2 145 -153 
5 3 18 23 
5 4 243 -257 
5 5 53 59 
5 6 299 -330 
5 7 16 -24 
5 8 109 -119 
5 9 66 -71 
5 10 53 -68 
5 11 76 -77 
5 12 <19 -6 
5 13 39 
5 14 50 59 
5 15 <20 -10 
5 16 47 51 
5 17 <21 -14 
5 18 47 53 
5 19 <23 5 
5 20 28 33 
6 1 42 47 
6 2 22 -24 
- 57 -
TABLE ¥11-: -continued-
6 3 <15 8 
6 4 71 -76 
6 5 22 -22 
6 6 21 25 
6 7 70 -77 
6 8 34 41 
6 9 10 18 
6 10 <18 -6 
6 11 <19 -5 
6 12 <19 3 
6 13 22 -24 
6 14 25 -20 
6 15 <20 -10 
6 16 21 27 
6 17 <22 -10 
6 18 <22 9 
6 19 <23 15 
6 20 <23 8 
7 1 191 -200 
7 2 84 -79 
7 3 91 -101 
7 4 189 -191 
7 5 <17 6 
7 6 147 -163 
7 7 90 101 
7 8 117 -123 
7 9 85 91 
7 10 27 -30 
7 11 84 94 
7 12 34 40 
7 13 84 94 
7 14 49 58 
7 15 37 43 
7 16 43 52 
7 17 <22 20 
7 18 39 45 
7 19 <23 -12 
7 20 29 23 
8 1 47 -56 
8 2 46 -51 
8 3 <17 -7 
8 4 95 -92 
8 5 <17 2 
8 6 <17 -10 
8 7 <18 -10 
8 8 <18 -1 
8 9 <19 -3 
8 10 <19 -1 
8 11 <19 -2 
8 12 48 -49 
8 13 <20 0 
8 14 <21 -7 
8 15 <21 11 
9 1 222 -245 
9 2 17 22 
9 3 130 -145 
9 4 40 45 
9 5 <18 - 6 
9 6 29 33 
9 7 46 52 
9 8 41 43 
9 9 73 79 
9 10 24 31 
9 11 84 90 
9 12 20 16 
9 13 54 63 
9 14 <21 5 
9 15 29 35 
10 1 60 -66 
10 2 18 -23 
10 3 18 -14 
10 4 <19 - 7 
10 5 19 27 
10 6 <19 -10 
10 7 19 24 
10 8 19 25 
10 9 <20 -5 
10 10 <20 -10 
10 11 <20 6 
11 1 <19 - 4 
11 2 62 66 
11 3 36 37 
11 4 76 82 
11 5 41 49 
11 6 82 89 
11 7 53 58 
11 8 35 36 
11 9 25 25 
11 10 30 32 
11 11 <21 20 
11 12 <21 26 
12 1 34 -38 
12 2 <20 7 
12 3 <20 -10 
12 4 <20 14 
12 5 38 40 
12 6 <20 3 
12 7 <20 -7 
12 8 <21 -14 
12 9 <21 -2 
12 10 <21 - s 
12 11 <21 -17 
13 1 20 -10 
13 2 <20 2 
13 3 <20 0 
13 4 <20 26 
13 5 <21 3 
13 6 <21 -21 
13 7 <21 -15 
13 8 <21 -13 
13 9 <22 10 
13 10 <24 -12 
13 11 <22 8 
14 1 <21 1 
14 2 <21 15 
14 3 <21 21 
14 4 <21 7 
14 5 <21 14 
14 6 <22 - 2 
14 7 <22 18 
14 8 <22 -18 
14 9 <22 -7 
14 10 <23 -12 
14 11 <22 3 
15 1 <22 -16 
15 2 <22 25 
15 3 22 -18 
15 4 <22 10 
15 5 <22 -9 
15 6 27 30 
15 7 <22 21 
15 8 <23 17 
15 9 40 47 
15 10 <22 1 
15 11 29 
I 
38 
16 1 <22 -13 
16 2 <22 -1 
16 3 <23 ' -10 
16 4 <23 12 
16 5 <23 -1 
16 6 <23 -10 
16 7 <23 -5 
16 8 <23 -21 
17 1 <23 - 1 
17 2 <23 15 
17 3 <23 -11 
17 4 47 54 
17 5 <23 -12 
17 6 58 65 
17 7 <24 
17 8 42 53 
18 1 <24 6 
18 2 <24 9 
18 3 <24 8 
19 1 50 65 
19 2 <24 9 
19 3 52 59 
h = 4 
0 0 34 36 
0 2 22 22 
0 4 173 -164 
0 6 86 -80 
0 8 15 -8 
0 10 <15 6 
0 12 32 -36 
0 14 19 -15 
0 16 <17 -4 
0 18 21 22 
0,20 27 23 
0 22 27 26 
1 0 65 75 
i- 1 <14 -17 
1 2 64 79 
1 3 29 22 
1 4 169 168 
1 5 118 119 
1 6 16 20 
1 7 131 121 
1 8 15 14 
1 9 67 74 
1 10 36 -35 
1 11 '45 46 
1 12 24 -24 
1 13 44 -47 
1 14 18 -9 
1 15 41 -43 
1 16 <20 5 
1 17 <20 -5 
1 18 <21 13 
1 19 <21 -6 
1 20 <22 -1 
1 21 <22 -8 
TABLE V I I . -continued. 
1 22 <23 11 
2 0 126 129 
2 1 56 -60 
2 2 96 108 
2 3 27 -36 
2 4 <12 2 
2 5 <13 9 
2 6 60 -62 
2 7 64 67 
2 8 <15 -6 
2 9 32 27 
2 10 52 -56 
2 11 36 32 
2 12 49 t 4 8 
2 13 20 -18 
2 14 30 -28 
2 15 <19 9 
2 16 <24 . 5 
2 17 <20 2 
2 18 <21 24 
2 19 <21 7 
2 20 30 26 
2 21 <23 -14 
2 22 28 25 
3 0 37 -38 
3 1 <10 8 
3 2 41 35 
3 3 48 -52 
3 • 4 56 49 
3 5 69 -65 
3 6 17 15 
3 7 56 -62 
3 8 132 -126 
3 9 <16 -3 
3 10 108 -102 
3 11 17 -19 
3 12 97 -92 
3 13 <18 -8 
3 14 40 -35 
3 15 <19 8 
3 16 <20 5 
3 17 20 16 
3 18 <21 -15 
3 19 <21 15 
3 20 <22 3 
3 21 <23 8 
3 22 <23 - 1 
4 0 93 97 
4 1 42 -44 
4 2 77 80 
4 3 203 -190 
4 4 <21 22 
4 5 146 -138 
4 6 <15 -11 
4 7 109 -111 
4 8 22 -25 
4 9 36 -33 
4 10 120 -116 
4 11 <17 . 3 
4 12 78 -72 
4 13 <18 ' 7 
4 14 63 -62 
4 15 29 30 
4 16 <20 -9 
4 17 57 54 
4 .18 <21 -4 
4 19 <22 21 
5 0 28 -24 
5 1 55 -53 
5 2 31 -28 
5 3 <14 3 
5 4 61 63 
5 5 79 -74 
5 6 62 51 
5 7 74 -71 
5 8 33 27 
5 9 42 -39 
5 10 17 16 
5 11 25 -27 
5 12 38 33 
5 13 <19 24 
5 14 58 55 
5 15 <20 14 
5 16 29 29 
5 17 <21 7 
5 18 <21 24 
5 19 <22 2 
6 0 107 -99 
6 1 111 -107 
6 2 43 -39 
6 3 187 -179 
6 4 34- -31 
6 5 191 -183 
6 6 64 58 
6 7 192 -191 
6 8 73 68 
6 9 86 -81 
6 10 45 40 
6 11 <18 3 
6 12 <18 12 
6 13 36 36 
6 14 45 43 
6 15 43 41 
6 16 <21 13 
6 17 64 61 
6 18 <22 19 
6 19 32 34 
7 0 118 -123 
7 1 41 40 
7 2 106 -104 
7 3 31 36 
7 4 66 -61 
7 5 57 51 
7 6 50 -47 
7 7 32 30 
7 8 57 -57 
7 9 18 18 
7 10 18 -14 
7 11 18 20 
7 12 <19 11 
7 13 <19 18 
7 14 <20 7 
7 15 20 22 
7 16 <21 6 
7 17 <21 -17 
7 18 <22 1 
7 19 <22 -17 
8 0 245 -241 
8 1 <16 -7 
2 201 -200 
8 3 56 -49 
8 4 78 -76 
8 5 64 -54 
8 6 <17 11 
8 7 17 -24 
8 8 92 93 
8 9 22 -31 
8 10 112 105 
8 11 38 39 
8 12 55 55 
8 13 <20 -6 
8 14 31 35 
8 15 36 32 
8 16 30 29 
8 17 <22 11 
8 18 <22 -10 
8 19 <23 -8 
8 20 31 -29 
8 21 <24 -7 
8 22 34 -30 
9 0 109 114 
9 1 <17 -1 
9 2 130 127 
9 3' 17 22 
9 4 61 57 
9 5 <17 11 
9 6 18 19 
9 7 <18 _3 
9 8 <18 11 
9 9 <19 6 
9 10 <19 -27 
9 11 <19 -12 
9 12 <20 16 
9 13 <20 17 
9 14 <21 -14 
9 15 <21 5 
9 16 <22 -16 
9 17 <22 -16 
9 18 <23 3 
9 19 <23 -19 
10 0 84 -82 
10 1 44 44 
10 2 56 -52 
10 3 76 74 
10 4 <18 -1 
10 5 68 62 
10 6 51 49 
10 7 55 54 
10 8 98 97 
10 9 50 52 
10 10 46 43 
10 11 <20 2 
10 12 43 46 
10 13 <21 9 
10 14 21 22 
10 15 <22 -9 
10 16 <22 1 
10 17 <23 -26 
10 18 <23 -13 
10 19 33 -38 
11 0 20 18 
11 1 23 -26 
11 2 <18 2 
11 3 53 -50 
11 4 42 -40 
11 5 62 -51 
11 6 44 -41 
11 7 37 -37 
TABLE V I I . -continued 
11 8 52 -50 
11 9 28 -33 
11 10 <20 -7 
11 11 <20 
11 12 <21 -13 
11 13 <21 14 
11 14 <22 -22 
11 15 <22 18 
11 16 <22 -25 
12 0 <19 9 
12 1 33 37 
12 2 <19 -10 
12 3 48 44 
12 4 <19 -7 
12 5 48 44 
12 6 28 29 
12 7 25 18 
12 8 <20 9 
12 9 <20 2 
12 10 <21 14 
12 11 <21 8 
12 12 <21 -14 
12 13 <22 -2 
12 14 <22 -16 
12 15 <23 -12 
12 16 40 -32 
13 0 <19 -3 
13 1 28 -26 
13 2 <20 -21 
13 3 65 -58 
13 4 <20 - 4 
13 5 56 -50 
13 6 <20 -9 
13 7 20 -22 
13 8 36 44 
13 9 <21 -16 
13 10 48 48 
13 11 <22 -16 
13 12 44 47 
14 0 <20 7 
14 1 <20 6 
14 2 <20 6 
14 3 39 36 
14 4 <21 -10 
14 5 <21 7 
14 6 <21 4 
14 7 <21 6 
14 8 37 34 
14 9 <22 -2 
14 10 41 34 
15 0 52 -53 
15 1 <21 6 
15 2 43 -37 
15 3 <21 -8 
15 4 37 -34 
15 5 40 39 
15 6 <22 2 
15 7 47 48 
15 8 <22 -4 
15 9 27 35 
16 0 <21 13 
16 1 22 20 
16 2 <22 -20 
16 3 31 29 
16 4 <22 -16 
16 5 50 51 
16 6 <22 -9 
16 7 55 52 
16 8 <23 8 
16 9 <23 28 
17 0 <21 15 
17 1 <23 -13 
17 2 *23 26 
17 3 <23 15 
17 4 33 37 
17 5 <23 12 
17 6 <23 19 
17 7 <23 19 
17 8 <23 6 
17 9 <23 12 
18 0 46 40 
18 1 <23 5 
18 2 50 49 
18 3 <23 21 
18 4 <23 19 
18 5 44 41 
18 6 <23 2 
18 7 38 38 
18 8 <24 -13 
18 9 30 25 
19 0 <22 7 
19 1 <24 7 
19 2 <24 2 
10 0 40 40 
10 1 <24 —6 
10 2 30 32 
h = 5 
0 2 34 31 
0 4 96 101 
0 6 159 161 
0 8 138 134 
0 10 76 71 
0 12 23 -17. 
0 14 44 -42 
0 16 59 -58 
0 18 36 -36 
0 20 <19 -11 
0 22 19 -14 
1 1 171 157 
1 2 38 -41 
1 3 58 62 
1 4 47 -46 
1 5 59 63 
1 6 17 -17 
1 7 19 -23 
1 8 53 -56 
1 9 134 -132 
1 10 <18 -5 
1 11 133 -127 
1 1,2 22 26 
1 13 59 -60 
1 14 36 32 
1 15 <21 -5 
1 16 32 30 
1 17 <21 22 
1 18 22 10 
1 19 26 33 
2 1 165 164 
2 2 <15 -15 
2 3 137 135 
2 4 <13 0 
2 5 61 67 
2 6 <15 5 
2 7 <16 14 
2 8 51 51 
2 9 103 -103 
2 10 <17 11 
2 11 111 -107 
2 12 <18 3 
2 13 54 -53 
2 14 <19 -18 
2 15 42 -40 
2 16 20 -16 
2 17 <21 1 
2 18 <21 2 
3 1 <15 10 
3 2 51 -54 
3 3 <13 5 
3 4 124 -118 
3 5 <15 -7 
3 6 140 -140 
3 7 50 -49 
3 8 139 -137 
3 9 76 -74 
3 10 84 -83 
3 11 50 -51 
3 12 <19 23 
3 13 19 -24 
3 14 45 46 
3 15 <21 1 
3 16 40 40 
3 17 29 27 
3 18 <22 7 
4 1 <14 13 
4 2 86 -85 
4 3 37 -41 
4 4 73 -79 
4 5 <15 8 
4 6 131 -124 
4 7 <17 18 
4 8 111 -117 
4 9 44 -43 
4 10 28 -25' 
4 11 41 -36 
4 12 <19 - 1 
4 13 <20 -11 
4 14 24 23 
4 15 <21 12 
4 16 <21 1 
4 17 <22 5 
4 18 29 24 
5 1 52 51 
5 2 42 
5 3 35 -32 
5 4 89 -99 
5 5 <17 4 
5 6 131 -127 
TABLE V I I . -continued. 
5 7 <18 -21 
5 8 97 -92 
5 9 33 31 
5 10 19 -17 
5 11 35 30 
5 12 52 44 
5 13 <21 4 
5 14 87 84 
5 15 22 16 
5 16 44 39 
5 17 <24 - 2 
5 18 <24 17 
6 1 76 -77 
6 2 <17 -11 
6 3 46 -45 
6 4 <17 11 
6 5 29 -25 
6 6 <17 - 7 
6 7 26 25 
6 8 <19 -17 
6 9 45 44 
6 10 <20 -5 
6 11 38 38 
6 12 48 46 
6 13 45 42 
6 14 <22 - 8 
6 15 34 31 
6 16 <24 6 
6 17 32 29 
6 18 <25 -6 
7 1 27 -32 
7 2 56 -56 
7 3 78 -75 
7 4 77 -76 
7 5 77 -81 
7 6 92 -84 
7 7 <19 -10 
7 8 53 -49 
7 9 73 68 
7 10 31 -34 
7 11 69 71 
7 12 22 22 
7 13 <22 2 
7 14 <23 28 
7 15 <23 - 7 
7 16 <24 21 
7 17 <24 -11 
7 18 <25 4 
§ 
e 
1 32 30 
2 70 68 
8 3 <18 3 
8 4 70 67 
8 5 <19 0 
8 6 72 67 
8 7 20 -19 
8 8 35 36 
8 9 <21 -12 
8 10 58 58 
8 11 <22 -25 
8 12 <22 2 
8 13 <22 -12 
8 14 <23 16 
8 15 <24 -5 
8 16 34 -28 
8 17 <25 -1 
8 18 31 -28 
9 1 24 -27 
9 2 61 -58 
9 3 44 -45 
9 4 56 -58 
9 5 <20 -13 
9 6 39 -38 
9 7 23 25 
9 8 <21 21 
9 9 107 105 
9 10 <22 ' 3 
9 11 67 73 
9 12 <22 -12 
9 13 <23 23 
10 1 117 113 
10 2 <20 -8 
10 3 76 70 
10 4 21 -21 
10 5 <21 -3 
10( 6 45 -45 
10 7 <21 14 
10 8 27 -26 
10 9 55 -50 
10 10 <22 -15 
10 11 28 -28 
10 12 33 34 
10 13 29 -28 
11 1 86 -83 
11 2 <21 -17 
11 3 54 -55 
11 4 <21 -15 
11 5 27 -27 
11 6 33 23 
11 7 44 43 
11 8 <22 32 
11 9 38 43 
11 10 <23 3 
11 11 <24 44 
12 1 <22 -3 
12 2 56 -52 
12 3 38 -35 
12 4 67 -63 
12 5 <22 -12 
12 6 92 -87 
12 7 38 -33 
12 8 59 -56 
12 9 31 30 
12 10 <24 -12 
12 11 <24 11 
13 1 44 -43 
13 2 22 18 
13 3 <22 -8 
13 4 59 56 
13 5 37 28 
13 6 59 53 
13 7 44 40 
13 8 61 60 
13 9 34 37 
13 10 24 28 
13 11 <25 20 
14 1 57 -55 
14 2 <24 8 
14 3 46 -38 
14 4 <24 -15 
14 5 27 -31 
14 6 <24 24 
14 7 32 28 
14 8 <24 22 
14 9 46 37 
14 10 <25 23 
14 11 46 48 
15 1 <24 -3 
15 2 42 40 
15 3 <24 6 
15 4 46 46 
15 5 <25 14 
15 6 50 49 
15 7 <25 11 
15 8 25 28 
16 1 <25 0 
16 2 <25 8 
16 3 <25 -4 
16 4 38 37 
16 5 <25 2 
16 6 36 33 
16 7 <2b -1 
16 8 39 43 
17 1 34 38 
17 2 <26 21 
17 3 32 33 
17 4 34 36 
17 5 26 25 
17 6 26 25 
18 1 33 34 
18 2 <27 3 
18 3 27 34 
h = 6 
0 0 270 266 
0 2 240 237 
0 4 128 132 
0 6 29 31 
0 8 93 -85 
0 10 116 -111 
0 12 106 -106 
0 14 57 -53 
0 16 <18 6 
0 18 <19 19 
0 20 36 37 
0 72 81 
1 1 25 32 
1 2 26 27 
1 3 70 72 
1 4 51 53 
1 5 26 30 
1 6 72 -68 
1 7 24 24 
1 8 <18 -6 
1 9 20 -20 
1 10 23 -25 
1 11 <20 1 
1 12 <20 -13 
1 13 <21 9 
- 61 -
1 14 <21 -19 
1 15 <21 -6 
1 16 <22 -14 
1 17 34 -37 
1 18 <26 5 
1 19 <26 -21 
2 G 17 23 
2 1 67 -71 
2 2 36 41 
2 3 127 -130 
2 4 25 19 
2 5 154 -157 
2 6 81 -85 
2 7 167 -162 
2 8 94 -93 
2 9 102 -105 
2 10 91 -93 
2 11 18 -25 
2 12 65 -67 
2 13 28 29 
2 14 33 -33 
2 15 44 44 
2 16 <21 -5 
2 17 49 49 
2 18 <22 16 
2 19 29 26 
3 0 109 109 
3 1 67 71 
3 2 108 111 
3 3 35 -33 
3 4 24 -23 
3 5 47 -48 
3 6 . 17 -20 
3 7 49 -50 
3 8 <18 -15 
3 9 <t8 -18 
3 10 <19 -7 
3 11 19 -13 
3 12 <20 -9 
3 13 <20 11 
3 14 28 -33 
3 15 <21 7 
3 16 <22 -9 
3 17 <17 -8 
4 0 81 -87 
4 1 <15 -10 
4 2 16 -18 
4 3 53 -55 
TABLE V I I . 
4 4 <17 11 
4 5 101 -98 
4 6 <18 11 
4 ' 7 104 -102 
4 8 19 23 
4 9 42 -43 
4 10 53 56 
4 11 <22 4 
4 12 59 60 
4 13 34 33 
4 14 54 55 
4 15 45 45 
4 16 41 40 
4 17 32 20 
5 0 71 68 
5 1 50 -50 
5 2 <17 0 
5 3 36 -40 
5 4 70 -70 
5 5 59 -60 
5 6 5.1 -50 
5 7 <19 -15 
5 <20 8 
1 9 <21 -11 
5 10 34 32 
5 11 <22 5 
5 12 <23 5 
5 13 <23 9 
6 0 73 -69 
6 1 <18 10 
6 2 58 -56 
6 3 18 14 
6 4 56 -55 
6 5 <19 -10 
6 6 52 -48 
6 7 <25 -10 
6 8 <21 -13 
6 9 <21 8 
6 10 <22 -10 
6 11 30 31 
6 12 <23 23 
6 13 35 32 
7 0 44 48 
7 1 <19 2 
7 2 <19 5 
7 3 65 -62 
7 4 <20 14 
7 5 <20 3 
-continued. 
7 6 <21 -2 
7 7 45 43 
7 8 <21 7 
7 9 <23 8 
7 10 27 29 
7 11 31 40 
7 12 <23 -7 
7 13 34 -36 
8 0 67 68 
8 1 <20 -15 
8 2 62 65 
8 3 50 -51 
8 4 41 45 
8 5 51 -49 
8 6 40 38 
8 7 53 -50 
8 8 27 24 
8 9 23 -30 
8 10 33 29 
8 11 <23 4 
8 12 24 21 
9 0 <19 - 4 
9 1 18 -24 
9 2 18 19 
9 3 24 -25 
9 4 21 23 
9 5 <22 -8 
9 6 <22 0 
9 7 <23 5 
9 8 <23 -4 
9 9 42 41 
9 10 50 -48 
9 11 <24 11 
9 12 <25 -24 
10 0 107 -103 
10 1 22 -24 
10 2 93 -94 
10 3 53 -53 
10 4 55 -51 
10 5 44 -46 
10 y D <23 -14 
10 7 31 -31 
10 8 23 17 
10 9 30 -28 
10 10 32 34 
10 11 <25 -4 
10 12 44 46 
11 \0 <19 -12 
11 1 <23 -10 
11 2 <23 
11 3 28 -29 
11 4 35 29 
11 5 41 -44 
11 6 35 39 
11 7 42 -46 
11 8 <25 -11 
11 9 27 -21 
11 10 <25 10 
11 11 25 15 
11 12 <26 -30 
12 0 94 -91 
12 1 <24 6 
12 2 67 -64 
12 3 24 23 
12 4 <24 -12 
12 5 51 50 
12 6 33 32 
12 7 34 37 
12 8 55 52 
12 9 22 20 
12 10 68 71 
12 11 <26 6 
12 12 66 67 
13 0 54 -52 
13 1 •<25 3 
13 2-* .: 35* 3-43 
13 3 21 18 
13 4 <25 -9 
13 5 <25 -21 
13 6 <25 -5 
13 7 <25 -12 
13 8 <26 27 
13 9 <26 2 
14 0 <20 -12 
14 1 25 23 
14 2 <25 -6 
14 3 69 73 
14 4 <26 6 
14 5 89 91 
14 6 <26 -3 
14 7 82 84 
14 8 <26 -7 
14 9 48 53 
15 0 <21 -11 
TABLE V I I . -continued. 
15 1 26 26 
15 2 <26 -18 
15 3 35 20 
15 4 <26 -15 
15 5 33 26 
15 6 <27 11 
15 7 <27 3 
16 0 64 64 
16 1 <27 12 
16 2 54 57 
16 3 <27 22 
16 4 36 40 
16 5 34 30 
16 6 <27 19 
16 7 27 23 
17 0 <22 13 
17 1 <28 -1 
17 2 <28 17 
17 3 31 25 
h » 7 
0 2 <25 -30 
.0 4 19 18 
0 6 <16 3 
0 8 36 -33 
0 10 <17 -6 
0 12 28 -20 
0 14 19 -13 
0 16 <18 5 
1 1 219 201 
1 2 78 -78 
1 3 122 128 
1 4 96 -99 
1 5 19 -23 
1 6 98 -103 
1 7 102 -102 
1 8 42 -44 
1 9 86 -84 
1 10 38 -36 
1 11 64 -63 
1 12 <21 -19 
1 13 60 -63 
1 14 <22 20 
1 15 38 -34 
1 16 22 18 
2 1 55 -49 
2 2 27 32 
2 3 <14 -5 
2 4 34 33 
2 5. <*7 -5 
2 6 <18 - 1 
2 7 <18 -12 
2 8 <19 - 4 
2 9 <19 - 4 
2 10 <20 -20 
2 11 22 18 
2 12 20 -23 
2 13 20 20 
2 14 29 -31 
2 15 <21 11 
2 16 <26 -13 
3 1 <14 3 
3 2 99 -100 
3 3 <15 - 4 
3 4 170 --166 
3 5 <17 -9 
6 123 --114 
3 7 41 -39 
3 8 34 -32 
3 9 18 -13 
3 10 21 -19 
3 11 <21 9 
3 12 <21 -2 
3 13 26 26 
3 14 <22 25 
3 15 <22 17 
3 16 52 51 
3 17 <27 7 
3 18 41 40 
3 19 <28 9 
3 20 34 30 
4 1 72 72 
4 2 24 30 
4 3 32 27 
4 4 90 82 
4 5 26 26 
4 6 35 38 
4 7 <20 -9 
4 8 46 51 
4 9 27 -31 
4 10 45 38 
4 11 <21 -15 
4 12 <21 -8 
4 13 <22 -7 
4 14 <22 7 
4 15 <23 -3 
5 1 81 -79 
5 2 41 -46 
5 3 36 -36 
5 4 62 -60 
5 5 <20 -7 
5 6 33 -28 
5 7 23 20 
5 8 21 7 
5 9 22 -17 
5 10 28 23 
5 11 <23 13 
5 12 <24 2 
5 13 43 49 
5 14 <25 14 
5 15 26 24 
6 1 92 89 
6 2 19 -20 
6 3 72 69 
6 4 <19 - 8 
6 5 <20 11 
6 6 21 -12 
6 7 28 -27 
6 8 <22 -7 
6 9 45 -47 
6 10 <23 -24 
6 11 34 -35 
6 12 <24 -5 
6 13 33 -35 
6 14 <26 -10 
6 15 29 -33 
7 1 17 -21 
7 2 20 -23 
7 3 20 22 
7 4 <21 -15 
7 5 45 49 
7 6 21 -15 
7 7 27 22 
7 8 <23 0 
7 9 <2$ -20 
7 10 <24 15 
7 11 <24 -12 
7 12 <25 30 
7 13 <25 4 
8 1 34 27 
8 2 43 -40 
8 3 29 32 
8 4 65 -62 
8 5 <22 18 
8 6 53 -50 
8 7 <23 - 1 
8 8 23 -19 
8 9 <24 -8 
8 10 <24 -5 
8 11 <25 -5 
8 12 <25 -23 
8 13 <26 8 
9 1 '55 -58 
9 2 <22 -14 
9 3 <23 -9 
9 4 49 -51 
9 5 23 21 
9 6 59 -60 
9 7 <24 21 
9 8 58 -62 
9 9 <25 12 
9 1§ <25 -21 
9 11 <25 19 
9 12 <26 11 
9 13 27 24 
10 1 49 -43 
10 2 <23 -16 
10 3 33 -23 
10 4 26 -23 
10 5 38 -31 
10 6 <24 -13 
10 7 24 15 
10 8 <28 -6 
10 9 <28 -12 
10 10 <29 -11 
10 11 <29 18 
10 12 <30 8 
10 13 <30 15 
11 1 99 -101 
11 2 <24 21 
11 3 61 -65 
11 4 24 20 
11 5 <25 -6 
11 6 <25 -6 
11 7 34 30 
11 8 <26 -18 
11 9 45 46 
11 10 <26 -5 
11 11 64 60 
~ o'd -
TABLE V I I . -continued. 
11 12 <27 16 
11 13 44 48 
12 1 <25 - 2 
12 2 <23 1 
12 3 <25 3 
12 4 29 21 
12 5 <26 20 
12 6 <26 21 
12 7 <26 1 
12 8 32 31 
12 9 27 28 
12 10 <27 21 
12 11 <28 12 
13 1 34 -34 
13 2 64 60 
13 3 26 -26 
13 4 84 84 
13 5 <26 -15 
13 6 69 72 
13 7 <27 7 
13 8 31 35 
13 9 34 34 
13 10 <28 21 
13 11 47 42 
14 1 <27 - 2 
14 2 <27 5 
14 3 <27 - 1 
14 4 <27 -18 
14 5 <27 -11 
14 6 <27 9 
14 7 <28 1 
14 8 <28 -5 
15 1 44 52 
15 2 28 32 
15 3 <28 26 
15 4 52 55 
15 5 <28 u»3 
15 6 45 47 
15 7 <29 —14 
15 8 35 39 
16 1 <29 - 4 
16 2 <29 -13 
17 1 36 41 
h = 8 
0 0 97 104 
0 2 61 60 
0 4 <17 3 
0 6 24 -28 
0 8 81 -81 
0 10 93 •94 
0 12 51 -56 
0 14 26 -26 
0 16 <19 -3 
0 18 <19 5 
0 20 24 24 
0 128 -129 
1 29 -25 
2 70 -70 
3 73 -74 
4 <20 -25 
5 <21 -28 
6 <21 -20 
7 <21 5 
8 <21 - 2 
9 <21 -21 
10 <21 -5 
11 31 -34 
12 <22 9 
13 38 -36 
14 <22 15 
15 <24 -8 
16 <26 9 
2 0 130 128 
2 1 <19 -15 
2 2 88 97 
2 3 56 -55 
2 4 55 64 
2 5 43 -44 
2 6 20 17 
2 7 39 -38 
2 8 25 -27 
2 9 <20 -24 
2 10 50 -50 
2 11 <21 2 
2 12 26 -24 
2 13 26 26 
2 14 <21 -7 
2 15 22 21 
2 16 <22 3 
3 0 54 -50 
3 1 19 25 
3 2 19 -27 
3 3 49 51 
3 4 32 35 
3 5 70 64 
3 6 58 53 
3 7 72 72 
3 8 <21 11 
3 9 26 36 
3 10 <21 15 
3 11 <22 1 
3 12 <22 9 
3 13 22 -26 
3 14 36 .33 
3 15 <22 -16 
3 16 40 37 
4 0 21 19 
4 1 <20 -21 
4 2 <20 1 
4 3 59 -59 
4 4 20 -15 
4 5 67 -75 
4 6 26 -17 
4 7 50 -49 
4 8 43 —46 
4 9 30 -27 
4 10 <22 -12 
4 11 <22 3 
4 12 <23 -28 
4 13 28 28 
4 14 <23 0 
4 15 33 40 
5 0 55 47 
6 0 32 33 
7 0 67 70 
8 0 51 -50 
9 0 50 -53 
10 0 47 -47 
11 0 <20 -2 
12, 0 51 -54 
13 0 <21 23 
14 0 <21 3 
15 0 <21 8 
16 0 <22 7 
17 0 61 -58 
18 0 24 25 
h = 9 
0 2 37 -35 
0 4 <17 28 
0 6 <18 ^20 
0 8 34 -34 
0 103 36 -36 
0 12 22 -21 
0 14 <19 -2 
0 16 17 -15 
1 1 <21 14 
1 2 <21 12 
1 3 <21 22 
1 4 21 31 
1 5 <21 5 
1 6 <21 14 
1 7 <22 18 
1 8 <22 8 
1 9 22 -27 
1 10 <22 8 
1 11 42 -40 
1 12 <22 18 
1 13 <22 -18 
1 14 <23 7 
2 1 38 -32 
2 2 43 39 
2 3 <20 -2 
2 4 20 29 
2 5 <21 -19 
2 6 44 43 
2 7 <21 -6 
2 8 <21 12 
2 9 21 15 
2 10 <21 2 
2 11 21 19 
2 12 <22 «-<jj. 
2 13 <22 7 
2 14 <23 -8 
3 1 76 77 
3 2 <21 5 
3 3 57 55 
3 4 <21 16 
3 5 21 19 
3 6 <22 -13 
3 7 <22 -14 
3 8 34 -33 
64 -
3 9 22 -28 
3 10 <22 9 
3 11 55 -58 
3 12 36 37 
3 13 40 -39 
3 14 37 28 
4 1 33 56 
4 2 37 31 
4 3 27 18 
4 4 51 54 
4 5 22 -21 
4 6 22 21 
h = 10 
0 0 19 17 
0 2 <18 24 
0 4 <18 -15 
0 6 <18 - 8 
0 8 <18 -12 
0 10 <18 8 
1 0 26 29 
1 1 35 34 
1 2 65 67 
1 3 59 59 
1 <22 22 
1 5 48 49 
1 6 <22 16 
1 7 22 13 
1 8 <22 3 
1 9 <22 10 
1 10 <23 1 
2 0 •84 90 
2 1 <21 -10 
2 2 31 27 
2 3 <21 14 
2 4 21 22 
2 5 <21 5 
2 6 <21 -8 
2 7 27 30 
2 8 <22 -26 
2 9 27 32 
2 10 22 -18 
2 11 <22 5 
3 0 62 58 
TABLE V I I . 
3 1 <22 8 
3 2 <22 6 
3 3 45 43 
3 4 <22 -15 
3 5 <22 -4 
3 6 28 -25 
3 7 <23 -7 
3 8 33 -37 
3 9 <23 0 
3 10 29 -22 
4 0 67 69 
4 1 23 -20 
4 2 61 62 
4 3 54 -60 
4 4 37 36 
4 5 50 -53 
4 6 <23 10 
4 7 47 -39 
4 8 29 -27 
4 9 <24 -9 
4 10 42 -46 
4 11 <24 - 1 
4 12 39 -39 
5 0 56 55 
6 0 46 -<44 
7 0 <20 —4 
8 0 107 -118 
9 0 <19 1 
10 0 39 -38 
11 0 <21 -18 
12 0 <21 -7 
13 0 <21 -22 
14 0 <21 -9 
15 0 <21 -24 
16 0 20 -16 
h = 11 
0 2 22 23 
0 4 52 45 
0 6 76 76 
0 8 72 71 
0 10 33 26 
0 12 <19 -2 
0 14 24 -21 
1 1 39 35 
-continued. 
1 2 <23 -3 
1 3 23 34 
1 4 <23 -15 
1 5 <23 -2 
1 6 <23 6 
1 7 <23 -17 
1 8 <23 4 
1 9 <23 -22 
1 10 <24 3 
1 11 <24 -8 
2 1 42 46 
2 2 <22 19 
2 3 47 47 
2 4 <22 -11 
2 5 35 34 
2 6 <22 24 
2 7 <22 -14 
2 8 <22 14 
2 9 32 -38 
2 10 <23 9 
2 11 33 -39 
3 1 29 31 
3 2 41 -38 
3 3 <24 30 
3 4 34 -35 
3 5 <24 $ 
3 6 24 -25 
3 7 24 -19 
3 8 <24 - 1 
3 9 <24 -22 
3 10 <24 -5 
3 11 30 -22 
4 1 <24 6 
4 2 <24 -16 
4 3 <24 1 
4 4 34 -26 
4 5 <24 9 
4 6 46 -43 
h zz 12 
0 0 27 25 
0 2 76 71 
0 4 40 37 
0 6 <19 11 
0 8 23 -22 
0 10 52 -47 
0 12 33 -29 
1 1 <24 -14 
1 2 <24 23 
1 3 <24 15 
1 4 <24 13 
1 5 50 50 
1 6 <24 -5 
1 7 41 45 
1 8 <24 ->20 
1 9 <24 30 
1 10 24 -20 
2 0 <20 21 
2 1 <23 -9 
2 2 <23 6 
2 3 <23 -16 
2 4 <23 16 
2 5 43 -48 
2 6 <23 -5 
2 7 40 -44 
2 8 <23 -21 
2 9 <25 -31 
2 10 23 -28 
3 0 34 29 
3 1 <24 -7 
3 2 34 32 
3 3 <24 -11 
3 4 30 26 
3 5 <25 -13 
3 6 <25 1 
3 7 <25 -3 
3 8 <25 -11 
3 9 <25 1 
3 10 25 -31 
4 0 <21 -13 
5 0 <21 -13 
6 0 <21 -12 
7 0 <21 1 
8 0 <21 15 
9 0 <21 21 
10 0 <21 -29 
11 0 <21 14 
12 0 29 -33 
13 0 23 -24 
- >St> -
TABLE V I I . 
h = 13 1 10 <24 -13 
1 11 34 -34 
1 12 <25 -3 
0 2 19 16 1 13 29 -28 
0 4 31 22 
0 6 19 17 2 1 <23 7 
0 8 <19 -4 2 2 <23 15 
0 10 <19 -2 2 3 <24 3 
0 12 <20 6 2 4 <25 16 
2 5 <25 -14 
1 1 51 50 2 6 <26 7 
1 2 <24 -9 2 7 <26 -16 
1 3 24 24 2 8 <26 3 
1 4 24 -26 
1 5 <24 10 3 1 <23 4 
1 6 24 -32 3 2 <23 -19 
1 7 <24 -16 3 3 <24 -17 
1 8 <24 -22 3 4 25 -26 
1 9 24 -27 3 5 <24 -6 
continued. 
3 6 51 -46 2 0 23 25 
3 7 <25 -2 2 1 <23 -11 
3 8 25 -28 2 2 <23 19 
2 3 24 -26 
h = 14 3 0 <20 5 
3 1 <23 17 
3 2 <23 
0 0 39 36 3 3 <23 22 
0 2 35 31 
0 4 <19 1 4 0 <20 -11 
0 6 27 -20 4 1 <27 -16 
0 8 19 -19 4 2 <27 -6 
0 10 22 -19 4 3 27 -27 
1 0 <20 -11 5 0 29 32 
1 1 <21 7 6 0 <21 -9 
1 2 <22 -13 7 0 25 25 
1 3 <22 7 
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THE DETERMINATION OF THE C1YSTAI STRUCTURE OF PH1MYLETHNYL-
rTRIMETHYLPHOSPHINf) SILVERTl* T 
INTRODUCTION 
T M s compound, was i n v e s t i g a t e d a f t e r t h e s t r u c t u r e 
analyses or t h e copper and gold coT»pl©xes had seen completed. 
The r a t h e r c o m p l i c a t e d "bonding i n t h e copper compound, and 
t h e apparent l a c k of m e t a l - e . t n y n y l i n t e r a c t i o n of t h e * s i d e -
on' <fn -type i n t h e g o l d compound made t h e s t r u c t u r e o f 
a s i l v e r complex o f e s p e c i a l i n t e r e s t . The most r e a d i l y 
a v a i l a b l e s i l v e r compound was t h e t r i m e t h y l p h o s p h i n e complex 
of p henyle t h y n y 1 s i 1 v e r ( I ) . 
EXPERIMENTAL 
CRYSTALS 
The compound was r e c r y s t a l l i s e d f r o m acetone as w h i t e 
n e e d l e s , w h i c h t u r n "black on exposure t o l i g h t , or t o t h e 
X-ray beam, and which decompose t o powder w i t h e v o l u t i o n o f 
phosphine a f t e r a'bout a day. The c r y s t a l s used i n t h i s work 
were coated w i t h s h e l l a c , a p p l i e d i n s e v e r a l t h i n l a y e r s , and 
t h i s slowed down the d e c o m p o s i t i o n . They gave good 
r e f l e c t i o n s even a f t e r ahou t a f o r t n i g h t ' s exposure t o X-
r a d i a t i o n , a l t h o u g h t h e r e were powder l i n e s v i s i b l e on t h e 
X-ray photographs a f t e r t h i s p e r i o d . 
CRYSTAL DATA 
P h e n y l e t h y n y l ( t r i m e t h y l p h o s p h i n e ) s i l v e r ( I ) 
Me^PAgCsCPh M = 285.1 
o 
M o n o c l i n i c ; needles extended i n t h e d i r e c t i o n o f ' c' . 
a = 11.50 b = 20.58 c = 12.12 £\ 
£ = 123° 25' U = 2394 Z = 8 f o r m u l a . 
„ u n i t s 
D = 1.582, EL = 1. 57-1.58 gm/cml F(000) = 1136 e. 
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A b s o r p t i o n c o e f f i c i e n t f o r MoK<^ r a d i a t i o n , jx - 17.3 cm 
R e f l e c t i o n s o"bserved: h k l h + k = 2n 
h.01 1 = 2n ( h = 2n) 
OkO ( k = ,2n) 
The space group i s e i t h e r C2/c, (Co-,.), no. 15 i n t h e I n t e r n a t i o n -
a l Tables f o r C r y s t a l l o g r a p h y , or Cc, (c f ) , no. 9. The 
s 
ce n t r o s y m m e t r i c space group was chosen oh t h e "basis o f t h e 
P a t t e r s o n f u n c t i o n , and c o n f i r m e d by t h e subsequent r e f i n e m e n t . 
The u n i t c e i l d i mensions were e s t i m a t e d from p h o t o g r a p h s 
o b t a i n e d by t h e p r e c e s s i o n method, u s i n g MoK«J- r a d i a t i o n . 
(\= 0.7107 iL ) The u n c e r t a i n t y i n t h e c e l l dimensions i s 
p r o b a b l y o f t h e or d e r o f 0.1-0.2% f o r t h e l e n g t h s , and 5' 
f o r ? . 
COLLECTION OF IHTMS1TIES 
Th r e e - d i m e n s i o n a l d a t a were c o l l e c t e d p h o t o g r a p h i c a l l y 
u s i n g Z r - f i l t e r e d MoK* r a d i a t i o n , (X = 0.7107 A . ) . I n s.ome 
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cases, u n f i l t e r e d r a d i a t i o n was used, i n o r d e r t o a v o i d over-
l o n g exposures. The Weissenberg t e c h n i q u e was used f o r t h e 
l a y e r s ( h k O ) - ( h k S ) , and t h e l a y e r s ( h 0 l ) - f i 3 1 ) , ( O k l ) , and 
(hk2h) -were o b t a i n e d "by t h e p r e c e s s i o n method. The s i z e s o f 
th e c r y s t a l s used f o r t h e photographs are g i v e n i n t a b l e I . 









h 0 l - h 3 1 
O k l , 
hkS& 
C r o s s - s e c t i o n , mm. 
0.06 x 0.10 
0.1.6 x 0.23 ) 
) 
0 . 2 0 x 0 . 2 8 ) 
0.25 x 0.37 
(Two p a r t s o f 
t h e same 
c r y s t a l ) 
The m u l t i p l e f i l m t e c h n i q u e was used f o r t h e Weissenberg 
ph o t o g r a p h s , w i t h t h e f i l m s i n t e r l e a v e d by 0 . 0 0 0 8 i n c h 
n i c k e l f o i l , and t h e method o f m u l t i p l e t i m e exposures was 
used f o r t h e p r e c e s s i o n p h o t o g r a p h s . The i n t e n s i t i e s o f t h e 
KidL r e f l e c t i o n s were e s t i m a t e d v i s u a l l y , by comparison w i t h a 
c a l i b r a t e d i n t e n s i t y s c a l e . On average, t h e i n t e n s i t y o f 
each r e f l e c t i o n was e s t i m a t e d on two f i l m s f o r each l a y e r . 
The f i l m r a t i o s f o r t h e f i l m s s e p a r a t e d "by t h e n i c k e l f o i l 
were f o u n d t o have v a l u e s r a n g i n g f r o m 3 . 0 - 4 . 2 , much h i g h e r 
t h a n expected. A v a l u e o f 2 . 6 5 i s quoted b y Abrahams and 
Siroe, (1960) f o r normal-beam exposures. The cause o f t h e 
d i f f e r e n c e was n o t known, h u t much "better agreement "between 
s t r u c t u r e f a c t o r s f o r r e f l e c t i o n s common t o b o t h Weissenberg 
and p r e c e s s i o n photographs was o b t a i n e d u s i n g a f i l m r a t i o o f 
2.65, and so t h i s v a l u e was adopted. I n v i e w o f t h e 
u n c e r t a i n t y , no account was t a k e n of t h e s m a l l e f f e c t on t h e 
f i l m r a t i o o f v a r y i n g t h e e q u i - i n c l i n a t i o n a n g l e . 
On t h e upper l a y e r Weissenberg p h o t o g r a p h s , t h e 
i n t e n s i t i e s o f b o t h extended and c o n t r a c t e d r e f l e c t i o n s were 
e s t i m a t e d . E m p i r i c a l e s t i m a t e s o f t h e l e n g t h s o f t h e 
r e f l e c t i o n s were o b t a i n e d "by f i n d i n g an a n a l y t i c a l e x p r e s s i o n 
t h a t would g i v e a p p r o x i m a t e l y t h e observed v a r i a t i o n o f t h e 
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l e n g t h s on each l a y e r w i t h s i n ©. C o r r e c t i o n s t o t h e 
i n t e n s i t i e s f o r t h e l e n g t h s o f t h e r e f l e c t i o n s c o u l d t h e n be 
a p p l i e d a t t h e same t i m e as t h e L o r e n t z and p o l a r i s a t i o n 
c o r r e c t i o n s . The e x p r e s s i o n 
2 
1 _ A + B s i n 9 + C sin"Q 
D' + sin)-e 
was f o u n d c o n v e n i e n t . The term i n sin 4© was i n c l u d e d f o r 
t h e c o n t r a c t e d r e f l e c t i o n s o n l y , i n o r d e r t o a l l o w f o r t h e 
i n c r e a s e i n l e n g t h o f l o w - o r d e r r e f l e c t i o n s on t h e uppermost 
l a y e r s . Values o f t h e c o e f f i c i e n t s A-3J. c o u l d be chosen 
so t h a t 'R' never d i f f e r e d by more t h a n 3% f r o m t h e smoothed 
2 
l e n g t h - s i n 9 curves f o r t h e extended r e f l e c t i o n s , or by more 
— 7 n 
t h a n 10$ f r o m t h e curve f o r t h e c o n t r a c t e d r e f l e c t i o n s , each 
of t h e e m p i r i c a l curves "being drawn on t h e "basis o f a dozen 
or so r e f l e c t i o n s . The p r o c e d u r e was f o l l o w e d o n l y f o r 
r e f l e c t i o n s on t h e f o u r t h and e i g h t h l a y e r s , as r e f l e c t i o n s 
w i t h 1 4 4n were v e r y weak, and i t was d i f f i c u l t t o e s t i m a t e 
t h e i r l e n g t h s . These were c a l c u l a t e d u s i n g v a l u e s o f A-D 
l i n e a r l y i n t e r p o l a t e d f r o m l a y e r s w i t h 1 = 0, 4, 8. 
For t h e l o w - o r d e r p l a n e s on these l a y e r s , t h e i n t e r p o l a t i o n 
was n o t v e r y s u c c e s s f u l , and t h e l e n g t h s were o b t a i n e d "by 
d i r e c t me a su r em en t . 
The common r e f l e c t i o n s were used t o p l a c e t h e s t r u c t u r e 
f a c t o r s on t h e same r e l a t i v e s c a l e , u s i n g t h e l e a s t squares 
method due t o R o l l e t and Sparks. (1960; see appendix A) 
No c o r r e c t i o n was a p p l i e d f o r a b s o r p t i o n . 
There were 1171 independent r e f l e c t i o n s observed, 364 o f 
them o c c u r r i n g on two l a y e r s , raid 16 o f them on t h r e e . 
STRUCTURE PETEMU INATION 
R e f l e c t i o n s w i t h 1 = 4n are a l l s t r o n g l y marked, w h i l e 
t h ose w i t h \ 4 4n a r e n e a r l y a l l v e r y weak. The s i l v e r atoms 
w i l l make t h e main c o n t r i b u t i o n t o t h e s t r u c t u r e f a c t o r s , 
i m p l y i n g t h a t t h e c e l l a x i s 1 c 1 i s q u a r t e r e d f o r t h e s e atoms, 
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and hence t h a t t h e y f o r m a n e a r l y s t r a i g h t c h a i n w i t h 
r e p e a t d i s t a n c e c/4. The f i n a l r e s u l t s show t h a t t h e 
s i l v e r atoms ar e i n t h e s p e c i a l p o s i t i o n s ( 0 , 0 , 0 ) ; (0,0,-g-) 
and ( Q , y , i ) ; ( 0 , ' y , f ) , w i t h y s m a l l , h u t t h e a n a l y s i s was 
f i r s t a t t e m p t e d assuming t h e atoms t o he i n g e n e r a l 
p o s i t i o n s . 
PATTERSON FUNCTION 
The arrangement o f t h e s i l v e r atoms i n c h a i n s was 
c o n f i r m e d by i n s p e c t i o n o f t h e P a t t e r s o n f u n c t i o n i n p r o -
j e c t i o n a l o n g t h e c r y s t a l axes. The p r o j e c t i o n s showed 
s i l v e r - s i l v e r v e c t o r s almost p e r f e c t l y a l i g n e d w i t h t h e *c' 
a x i s , w i t h l e n g t h s c/4, c/2, 3c/4, e t c . , c o n s i s t e n t w i t h 
s i l v e r c o o r d i n a t e s v e r y near (0,0,0 . 1 2 5 ) , f o r space group 
o 
C°/c. I t was p o s s i b l e t o i d e n t i f y t h e peaks due t o t h e 
s i l v e r - p h o s p h o r u s v e c t o r s , and a c e n t r o s y m m e t r i c a l s t r u c t u r e 
was i n d i c a t e d by t h e number o f these peaks observed, and by 
t h e i r h e i g h t s . C o o r d i n a t e s o f (0.224, -0.069, 0.278) f o r 
t h e phosphorus atom accounted s a t i s f a c t o r i l y f o r t h e 
s i l v e r - p h o s p h o r u s v e c t o r s , and i m p l i e d one phosphorus atom 
a t t a c h e d t o each s i l v e r atom. These c o o r d i n a t e s f o r t h e 
heavy atoms appeared t o be a reasonable i n t e r p r e t a t i o n o f t h e 
main f e a t u r e s o f t h e P a t t e r s o n f u n c t i o n . However, c o n f i r m a -
t o r y e vidence from peaks due t o phosphorus-phosphorus v e c t o r s 
was l a c k i n g , as these peaks a r e submerged i n t h e g e n e r a l 
background. 
P a r t o f t h e t h r e e - d i m e n s i o n a l P a t t e r s o n f u n c t i o n was 
c a l c u l a t e d , i n or d e r t o d e t e r m i n e t h e c o o r d i n a t e s o f t h e 
s i l v e r atom more p r e c i s e l y . The f u n c t i o n was e v a l u a t e d 
a t i n t e r v a l s (a/40, b/80, c/ 5 0 ) ^ t h a t i s , a t i n t e r v a l s o f 
0.29, 0.26, and 0.24&. S e c t i o n s were c a l c u l a t e d i n t h e 
r e g i o n s where peaks due t o t h e s i l v e r - s i l v e r and s i l v e r -
phosphorus v e c t o r s were expected t o occur. The i n t e n s i t i e s 
2 
were w e i g h t e d w i t h t h e f u n c t i o n w = e x p ( 2 0 s i n 0) = 
e x p ( l 0 . 1 sin"©/*), by analogy w i t h t h e copper compound. 
An, a n a l y s i s o f t h e p o s i t i o n s o f t h e f o u r r p e a k s due t o t h e 
s i l v e r - p h o s p h o r u s v e c t o r s gave t h e c o o r d i n a t e s o f t h e s i l v e r 
and t h e phosphorus atoms l i s t e d i n t a b l e I I . 
TABLE I I . P r e l i m i n a r y C o o r d i n a t e s o f t h e S i l v e r and 
Pho sphorus Atorn s. 
Ag 
P a t t e r s o n 
x/a y/b z/c x/a 
0.0018 -0.0028 0.1248 0.0008 





As a check on these c o o r d i n a t e s , and on t h e s i g n s o f t h e 
x- and y- c o o r d i n a t e s o f t h e s i l v e r atom, t h e c o o r d i n a t e s 
o b t a i n e d f r o m t h e t w o - d i m e n s i o n a l p r o j e c t i o n s o f t h e P a t t e r s o n 
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f u n c t i o n were r e f i n e d t h r o u g h two c y c l e s o f s t r u c t u r e f a c t o r / 
l e a s t squares r e f i n e m e n t . The v a l u e o f R f o r s t r u c t u r e 
f a c t o r s c a l c u l a t e d d u r i n g t h e second c y c l e was 0.29, and t h e 
c o o r d i n a t e s o b t a i n e d are a l s o g i v e n i n t a b l e I I . They a r e 
s i m i l a r t o t h e c o o r d i n a t e s o b t a i n e d f r o m t h e t h r e e - d i m e n s i o n a l 
P a t t e r s o n f u n c t i o n . The y - c o o r d i n a t e o f t h e s i l v e r atom 
has t h e same s i g n as t h a t o f t h e phosphorus atom, w h i l e 
t h e z - c o o r d i n a t e i s almost e x a c t l y The x - c o o r d i n a t e o f 
t h e s i l v e r atom i s v e r y s m a l l . 
ATTEMPTED SOLUTION 
SILVER ATOMS I N GENERAL POSITIONS 
An (F -F,) s y n t h e s i s was c a l c u l a t e d , a t t h e same i n t e r v a l s o o 
as i n t h e P a t t e r s o n f u n c t i o n . The F were s t r u c t u r e f a c t o r s 
c 
based on t h e c o o r d i n a t e s o f t h e s i l v e r and phosphorus atoms 
o b t a i n e d f r o m t h e l e a s t squares r e f i n e m e n t . There were peaks 
c o r r e s p o n d i n g t o n o t one, b u t two, p h e n y l e t h y n y l groups i n 
t h e asymmetric u n i t , each w e l l r e s o l v e d . The peak h e i g h t s 
o 3 o 3 ranged from 1.4-3.4 e/A. (mean 2.8 e/A. ) , f o r peaks i n 
o 3 o 3 t h e f i r s t g r oup, and from 2.0-3.7 e /X . , (mean 3.1 e/A. v) f o r 
peaks i n t h e second group. Each s i l v e r atom was a p p a r e n t l y 
bonded 'end-on' t o two e t h y n y l groups, a r r a n g e d so t h a t t h e r e was 
almost a c e n t r e o f symmetry a t t h e s i l v e r atom. I n a d d i t i o n , 
t h e r e were s m a l l peaks r e l a t e d by t r a n s l a t i o n s o f c/4 t o t h e 
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p o s i t i o n s o f t h e two p a i r s o f e t n y n y l carbon atoms. 
I n c l u d i n g t h e s e peaks, each s i l v e r atom appeared t o "be 
"bonded t o f o u r e t h y n y l groups. There were' o t h e r peaks 
i n t h e e l e c t r o n d e n s i t y w i t h h e i g h t s o f 2-5 e / iL* 3 , and some 
were near t h e p o s i t i o n o f t h e phosphorus atom, "but i t was 
not p o s s i b l e t o a s s i g n p o s i t i o n s f o r t h e m e t h y l carbon 
atoms. 
I f t h e appearance o f more th a n one s e t o f l i g h t atoms 
were due t o f a l s e symmetry imposed on t h e e l e c t r o n d e n s i t y 
because o f t h e arrangement o f t h e s i l v e r atoms, one o f 
the two we l l - m a r k e d p h e n y l e t h y n y l groups would be t h e t r u e 
one. The p o s i t i o n s o f atoms i n t h e f i r s t p h e n y l e t h y n y l 
group were p l a u s i b l e , b u t p h e n y l carbon atoms o f t h e 
second group came t o o c l o s e t o t h e phosphorus atom, and 
would a l s o i n t e r f e r e ' w i t h p h e n y l carbon atoms o f a d j a c e n t 
c h a i n s . Sets o f s t r u c t u r e f a c t o r s were c a l c u l a t e d based 
on t h e heavy atoms i n t h e same p o s i t i o n s as b e f o r e , and on 
e i g h t carbon atoms p l a c e d i n p o s i t i o n s c o r r e s p o n d i n g t o t h e 
f i r s t p h e n y l e t h y n y l group. As a check s t r u c t u r e f a c t o r s 
were a l s o c a l c u l a t e d w i t h carbon atoms i n t h e second set o f 
p o s i t i o n s . The R f a c t o r s o b t a i n e d were: 
Ag,P Ag,P,8G(l) Ag,P,8C(2) 
R: O v e r a l l 0.274 0.245 0.251 
< = 1,2,3, 0.554 0.508 0.507 
o n l y 
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There was a s l i g h t improvement i n t h e agreement on i n c l u d i n g 
t h e c o n t r i b u t i o n s from t h e l i g h t atoms, b u t t h e R f a c t o r s 
were v e r y h i g h f o r t h e p l a n e s w i t h 1 ^ 4n, where t h e 
c o n t r i b u t i o n s from t h e s i l v e r atoms were much s m a l l e r . The 
agreement was e q u a l l y bad f o r each o f t h e p o s i t i o n s assumed 
f o r t h e p h e n y l e t h y n y l g r o u p s , and i t seemed u n l i k e l y t h a t 
e i t h e r p o s i t i o n c o u l d be c o r r e c t . , 
CORRECT SOLUTION 
SILVER ATOMS IN SPBCIAL POSITIONS 
A r e - e x a m i n a t i o n o f t h e P a t t e r s o n f u n c t i o n showed t h a t 
i t was e q u a l l y c o n s i s t e n t w i t h a c e n t r o s y r w n e t r i c s t r u c t u r e 
i n v o l v i n g s i l v e r atoms i n t h e s p e c i a l p o s i t i o n s 4a, ( 0 , 0 , 0 ) ; 
(0>°>i) and 4e, ( 0 , y, £ ) ; (,0,y,f ) , w i t h two phosphorus 
atoms bound t o the s i l v e r a t ( 0 , y , ^ ) . (The d i f f e r e n c e 
between t h e ' x' components o f t h e s i l v e r - p h o s p h o r u s v e c t o r s 
were s m a l l , and c o u l d be i g n o r e d . ) W i t h t h i s arrangement 
a l t e r n a t e s i l v e r atoms ar e bonded 'end-on' t o two e t h y n y l groups 
and around t h e o t h e r s are two e t h y n y l groups ' s i d e - o n 1 , 
and. two phosphorus atoms, i n a t e t r a h e d r a l arrangement, w h i c h 
seemed p l a u s i b l e . An arrangement w i t h two phosphorus atoms 
bound t o t h e s i l v e r atom a t (0,0,0) d i d n o t f i t t h e 
P a t t e r s o n v e c t o r s e x a c t l y , n o r c o u l d t h e s t r u c t u r e pack w e l l . 
A s e t o f s t r u c t u r e f a c t o r s was c a l c u l a t e d , based on t h e 
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c o o r d i n a t e s (0,0,0) and (0,-0.0024, 0.250) f o r s i l v e r 
atoms A g l and Ag2 and (0.223,-0.069,0.398) f o r .the phosphorus 
atom, and t h e v a l u e o f R was 0.248 compared w i t h t h e p r e v i o u s 
v a l u e o f 0.274. For s t r u c t u r e f a c t o r s based on t h e s i l v e r 
atoms as above, b u t w i t h t h e phosphorus atoms j o i n e d t o t h e 
s i l v e r atom a t ( 0 , 0 , 0 ) , t h e R f a c t o r was 0.268, c o n f i r m i n g 
t h a t t h i s arrangement was i n c o r r e c t . The v a l u e o f R f o r 
s t r u c t u r e f a c t o r s c a l c u l a t e d i n c l u d i n g terms due t o t h e e i g h t 
p h e n y l e t h y n y l carbon atoms was 0.172. 
These c a l c u l a t i o n s c o n f i r m e d t h a t t h e s i l v e r atoms were 
i n t h e s p e c i a l p o s i t i o n s . The e a r l i e r c o o r d i n a t e s f o r t h e 
heavy atoms had z c o o r d i n a t e s d i f f e r i n g by % from t h e c o r r e c t 
ones. A s s i g n i n g t h e s i l v e r atoms t o g e n e r a l p o s i t i o n s meant 
t h a t t h e r e were no l o n g e r two k i n d s o f s i l v e r atom, and t h e 
space group symmetry would r e p e a t t h e p h e n y l e t h y n y l and 
phosphine groups so t h a t each s i l v e r atom was a t t a c h e d b o t h 
t o two phosphorus atoms and t o two e t h y n y l groups. (See 
f i g . 1 ) . T h i s e x p l a i n s t h e oc c u r r e n c e o f an e x t r a s e t o f 
p h e n y l e t h y n y l carbons i n t h e ( p -P ) s y n t h e s i s . 
A second (p -p ) s y n t h e s i s was now o b t a i n e d , where t h e 
p 's were based on t h e s i l v e r , phosphorus, and p h e n y l e t h y n y l 
carbon atoms. There were t h r e e peaks i n t h e e l e c t r o n d e n s i t y 
c l e a r l y c o r r e s p o n d i n g t o m e t h y l carbon, atoms, and t h e i r 
h e i g h t s were 2.9, 3.8, and 4.l£.^ A p a r t f r o m t h e r e g i o n s near 
fig / 76a 
Ag Ag Ag Ag 
True Arrangement: s i lver atoms in special positions 
PP. 
Ag Ag Ag Ag 
F a l s e Arrangement: silver atoms in general pos i t ions 
Fig I. Showing the effect of misplacing the silver atoms 
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t h e s i l v e r atom, t h e e l e c t r o n d e n s i t y over t h e r e s t o f t h e 
u n i t c e l l v a r i e d from - 1 . 7 t o 1 . 6 e / i L S , a l t h o u g h i t l a y 
u s u a l l y "between 0 t o 0 . 5 e / iL ^ . 
The a n a l y s i s o f t h e s t r u c t u r e i s summarised s c h e m a t i c a l l y 
i. Ti £ _L « 3 • 
REFINEMENT 
The atomic parameters were r e f i n e d t h r o u g h two c y c l e s 
of l e a s t squares r e f i n e m e n t , i n w hich t h e heavy atoms were 
g i v e n a n i s o t r o p i c temper a t t i r e f a c t o r s , and t h e n f o u r f u r t h e r 
c y c l e s w i t h a n i s o t r o p i c t h e r m a l parameters f o r a l l t h e atoms. 
The mean s h i f t s i n t h e c o o r d i n a t e s f e l l t o 0 . 0 0 0 9 J L i n t h e 
f i n a l c y c l e , w i t h a maximum s h i f t o f 0 . 0 0 2 6 A > . , and no s h i f t 
i n any parameter was more t h a n 0 . 3 6 t i m e s t h e c o r r e s p o n d i n g 
e s t i m a t e d s t a n d a r d d e v i a t i o n . D e t a i l s o f t h e r e f i n e m e n t 
are g i v e n i n t a b l e I I I . The f i n a l v a l u e o f R was 0 . 0 6 6 . 
The -weighting used i n t h e r e f i n e m e n t was o f t h e f o r m 
w = V A + K J F J + B ( K J F w i t h A = 1 2 , and v a l u e s o f B and K near 
B = 0 . 0 0 5 and K = 0 . 8 . The v a l u e s o f wlAl tended t o be h i g h a t 
low v a l u e s o f sin©/^, and t h i s was p r o b a b l y due t o t h e l a r g e 
number o f weak pl a n e s a t low s i n © / y , s i n c e t h e i n t e n s i t i e s 
of t h ese p l a n e s would be less, a c c u r a t e l y known. A n o t - v e r y -
s u c c e s s f u l a t t e m p t t o improve t h e w e i g h t i n g was made d u r i n g 
fig 2 77a 
Schematic Outline of the Determination of the Structure 
Values of the r e l i a b i l i t y index R at each stage are given i n "brackets. 
SF/LS refinement of assumed 
Ag,P positions. (o.29) 
SP calculation. (0.27*t-) 
SP calculation including 
each set of carbons i n turn 
1. (0.245) 2. (0.251) 
Both equally bad, Ag seen 
to be i n sp e c i a l positions 
4, 
SP calculation, Ag correct, 
P attached to Ag1: (0.268) 
P attached to Ag2: (0.2«) 
SP/LS refinement of Ag, P 
and 8 carbon atoms.(0.172) 
Six cycles of SP/LS refine-
ment of a l l the atoms. 
Patterson synthesis, 
giving Ag,P positions 
(p -P ) synthesis, v o c 
giving two sets of positions 
for the phenylethynyl carbons 
(P -P ) synthesis* o c 
giving the methyl carbons 
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TABLE I I I . Refinement o f t h e S t r u c t u r e o f Me,,PAg(>CPh. 
o 
Cycle Mean s h i f t 











r\ - — — — ; 
SIlFj 
Max. s h i f t 









0.172 0.0317 ( A l l atoms 
isotropic',?'no 
m e t h y l s ) 
0.127 0.0144 (Ag,p' 
a n i s o t r o p i c ) 
0.080 0.0141 » 
0.072 0.0114 ( A l l atoms 
a n i s o t r o p i c ) 
0.067 0.0089 » 
0.066 0.0089 " 
R -
0.066 0.0088 
the l a s t two c y c l e s , when t h e w e i g h t s used were g i v e n by: 
w i t h A = 12, B = 0.01, and K = 0.82. The f u n c t i o n i n sin©/x 
was designed t o v a r y - s l o w l y w i t h sinO/x except f o r sinO/x < 0.2,. 
and sin©/x > 0.7, when i t r a p i d l y "becomes s m a l l e r . The 
w e i g h t i n g a n a l y s i s a f t e r t h e f i n a l c y c l e i s g i v e n i n t a b l e I V . 
The v a l u e s o f u)|A|* are n o t p a r t i c u l a r l y .even, and t h i s may 
e f f e c t t h e e s t i m a t e d s t a n d a r d d e v i a t i o n s . 
The s h i f t s i n t h e c o o r d i n a t e s i n t h e f i n a l c y c l e are 
l i s t e d i n t a b l e V, and t h e s h i f t s i n t h e a n i s o t r o p i c 
t e m p e r a t u r e parameters i n t a b l e V I . 
TABLE I V . Me^PAgGsGPh: W e i g h t i n g A n a l y s i s a f t e r t h e 
P i n a l C y c l e . 
K | P | Mean wUl No. o f p l a n e s 
8 - 16 1.38 91 
16 - 32 1.86 499 
32 - 64 1.02 309 
64 - 128 1.30 180 
128 - 1.41 92 
Sin©/x Mean wUf No. o f p l a n e s 
0 - 0 . 1 0.96 4 
0.1 - 0.2 3.25 65 
0.2 - 0.3 1.16 167 
0.3 - 0.4 1.18 283 
0.4 - 0.5 1.04 286 
0.5 - 0.6 1.27 243 
0.6 - 0.7 2.88 110 
0.7 - 0.8 4.96 13 • 
O v e r a l l mean w|A| i s 1.48. 
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The s t r u c t u r e f a c t o r s c a l c u l a t e d d u r i n g t h e f i n a l c y c l e 
are g i v e n i n t a b l e V I I . They i n c l u d e 494 unobserved p l a n e s , 
o n l y 2 o f which c a l c u l a t e d more t h a n t h e maximum v a l u e 
expected, F . . The unobserved p l a n e s were n o t i n c l u d e d i n ' mm 
th e r e f i n e m e n t . The f i n a l v a l u e s o f t h e atomic c o o r d i n a t e s , 
t o g e t h e r w i t h t h e a p p r o p r i a t e e s t i m a t e d s t a n d a r d d e v i a t i o n s , 
and a l s o t h e c o o r d i n a t e s r e f e r r e d t o o r t h o g o n a l axes 
p a r a l l e l t o 'a*', 'b', and ' c ! , are g i v e n i n t a b l e V I I I . 
The f i n a l v a l u e s o f t h e a n i s o t r o p i c t e m p e r a t u r e f a c t o r s a re 
g i v e n i n t a b l e IX. 
The s c a t t e r i n g c u r v e used f o r s i l v e r was t h a t due t o 
Thomas and Umeda, ( 1 9 5 7 ) , based on t h e Thomas-Fermi-Dirac 
model. No c o r r e c t i o n was made f o r d i s p e r s i o n , a l t h o u g h 
A f 1 f o r MoKJ- r a d i a t i o n i s -1.0 e l e c t r o n s f o r s i l v e r atoms. 
N e g l e c t o f d i s p e r s i o n i s expected t o a f f e c t m a i n l y t h e 
i n d i v i d u a l t e m p e r a t u r e f a c t o r s . (Dauben and Templeton, 
1958). The s c a t t e r i n g c urves f o r phosphorus and carbo n were 
th e same as were used i n t h e copper compound. (See p. 3 1 ) . 
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TABLE V. S h i f t s i n t h e Atomic C o o r d i n a t e s i n t h e P i n a l 
C y c l e . ( i n AngstrSms) 
X y z. 
A g l 0 0 0 
Ag2 0 -0.0005 0 
P 0.0000 -0.0005 0.0003 
CI 0.0006 0.0000 O.OOIS 
C2 0.0026 -0.0015 0.0023 
C3 0.0009 0.0016 0.0026 
C4 0.0015 -0.0005 -0.0002 
C5 0.0008 -0.0002 0.0012 
C6 0.0025 -0.0014 -0.0008 
C7 -0.0005 -0.0024 -0.0003 
C8 -0.0009 -0.0006 -0.0009 
C9 0.0011 -0.0010 0.0026 
CIO -0.0005 -0.0015 0.0003 
C l l -0.0005 -0.0003 0.0002. 
TABLE V I . Shi f t s i n t h e A n i s o t r o p i c Temperature 
Parameters i n t h e P i n a l C ycle. ( K.2 ) . 
c u U 2 2 DO U 2 3 U 1 3 
A g l 0.0000 -0.0001 0.0003 -0.0000 -0.0000 0.0002 
Ag2 0.0001 -0.0000 -0.0001 0 0 -0.0000 
P -0.0000 0.0001 0.0002 -0.0003 -0.0005 0.0002 
CI 0.0012 -0.0001 0.0008 -0.0004 -0.0007 0.0024 
C2 -0.0004 0.0004 -0.0000 0.0001 -0.0.001 -0.0009 
C3 -0.0010 -0.0002 -0.0002 0.0008 0.0000 -0.0016 
C4 -0.0014 0.0024 -0.0009 -0.0005 0.0004 -0.0007 
C5 0.0001 -0.0003 -0.0006 0.0003 -0.0026 -0.0017 
C6 -0.0014 0.0008 -0.0012 0.0030 0.0014 -0.0027 
C7 0.0005 0.0006 -0.0003 -0.0005 -0.0024 -0.0004 
C8 -0.0004 0.0007 0.0001 -0.0015 -0.0023 0.0001 
C9 -0.0006 0,0017 0.0001 -0.0003 0.0005 -0.0003 
CIO 0.0002 -0.0008 0.0005 -0.0025 -0.0013 0.0005 
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TABLE IX. Me,PAgCsCPh: Final Values of the Anisotropic Temperature 
3 
Parameters» (in and their Standard Deviations, (in 10^ 
Atom u11 U22 D 3 J U12 "23 V 
Ag1 0.0497(.7) 0.0705(.8) 0.0663(.7) -0.0127(1.2)-0.0189(1.3) 0.0719(1.2) 
Ag2 0.0499(.7) 0.0826(.9) 0.0510(.6) 0 0 0.0624(1.1 ) 
P 0.053( 2) 0.070( 2) 0.045( 1) 0.012C 3) 0.008( 3) 0.o6o( 3) 
C1 0.055( 7) 0.065( 8) 0.064( 7) -0.022(11) -0.040(12) 0.077(12) 
C2 0.042( 6) 0.065( 7) o.o54( 6) 0.007(11) -0.005(11) 0.061 (11) 
C3 0.049( 7) 0.05M 7) 0.055( 6) 0.008(11) 0.013(11 ) 0.041 (11) 
C4 0.071( 9) 0.094(11) 0.080( 9) -0.007(16) -0.056(17) 0.073(16) 
C5 0.098(11) 0.073(10) 0.077(10) 0.015(16) -0.029(16) 0.074(18) 
C6 0.085(11 ) 0.077( 9) 0.061( 8) -0.030(16) -0.013(15) 0.050(15) 
C7 0.067( 9) 0.083(10) 0.056( 8) -0.023(14) 0.000(14) 0.030(13) 
C8 0.055( 7) 0.057( 7) 0.059( 7) -0.006(11) -0.015(12) 0.045(11) 
C9 0.082(11 ) 0.12*4(15) 0.092(11) 0.034(21) 0.063(21 ) 0.128(20) 
C10 0.074(10) 0.106(13) 0.069( 9) -0.034(18) -0.031 (17) 0.033(15) 
C11 0.093(12) 0.070( 9) 0.099(11) 0.032(16) -0.004(17) 0.100(20) 
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DESCRIPTION AND DISCUSSION OF THE STRUCTURE 
A p e r s p e c t i v e diagram o f t h e s t r u c t u r e i s g i v e n i n 
f i g . 3. The s i l v e r atoms are arranged i n i n f i n i t e , almost 
s t r a i g h t , c h a i n s , l y i n g i n t h e d i r e c t i o n o f t h e 'c' a x i s , 
w i t h s i l v e r - s i l v e r d i s t a n c e s o f 3.033 A. , and angles: o f 
175°. Two c h a i n s , r e l a t e d by t h e C c e n t e r i n g , pass, t h r o u g h 
each u n i t c e l l . The s i l v e r atoms are s i t u a t e d a l t e r n a t e l y 
at c e n t r e s o f symmetry, ( A g l ) , and on t v / o - f o l d axes, ( A g 2 ) . 
A g l i s <5"-bonded t o two e t h y n y l groups i n l i n e a r c o o r d i n a t i o n . 
Ag2 i s "bonded t o two phosphorus atoms, and i s a l s o hound 
'side - o n ' t o two e t h y n y l g r o u p s , t h e f o u r l i g a n d s "being i n 
a d i s t o r t e d t e t r a f r e d r a l arrangement. The e t h y n y l groups 
t h u s a c t as b r i d g i n g u n i t s l i n k i n g t o g e t h e r a d j a c e n t s i l v e r 
atoms a l o n g t h e c h a i n . F o r m a l l y , t h e s t r u c t u r e i s b u i l t up 
of [phCsC-Ag-CsCPhJ " and ( M e ^ g A g j + i o n s . 
Because o f t h e s p e c i a l p o s i t i o n s o f t h e s i l v e r atoms, 
t h e c o o r d i n a t i o n a t A g l must be t r u l y l i n e a r , and t h e 
c o o r d i n a t i o n a t Ag2 must a t l e a s t have symmetry 2. However, 
the a n g l e P~Ag2-P" i s i n c r e a s e d t o 118°, and t h e p l a n e t h r o u g h 
Ag2, P, and P" makes an a n g l e o f 72° w i t h t h e p l a n e t h r o u g h 
Ag2 and t h e carbon atoms CI and C I " , ( w r i t i n g a. double p r i m e 
f o r atoms r e l a t e d by t h e t w o - f o l d a x i s ) . I f t h e m i d - p o i n t s 
00 
/ 
\ 00 in / \ CO 
CM CM 
in in u 
/ . "A 
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of t h e e t h y n y l groups are t a k e n i n s t e a d o f C I , t h e p l a n e s a r e 
i n c l i n e d a t 59°. An angle o f 90° i s r e q u i r e d f o r t r u e 
t e t r a h e d r a l symmetry. The d i s t o r t i o n r e s u l t s i n t h e angles 
P-Ag2-Cl and P-Ag2-Cl" "being 95° and 121° r e s p e c t i v e l y , and 
presumably p r e v e n t s t h e m e t h y l carbons coming t o o c l o s e t o 
p h e n y l e t h y n y l carbon atoms r e l a t e d t o atoms C1-C8 by t h e g l i d e 
p l a n e . As i n t h e case o f t h e copper compound, t h e metal-metal 
d i s t a n c e s are s h o r t , (3.033 £ . ) , and are comparable w i t h t hose 
i n t h e f r e e element, ( i n s i l v e r , 2.889 £. ) The d i s t a n c e s may 
i m p l y some bo n d i n g between t h e s i l v e r atoms, but i t i s d i f f i c u l t 
t o i n c l u d e any such bonding i n a d e s c r i p t i o n o f t h e c o o r d i n a t i o n . 
The ' s i d e - o n ' bonding of t h e e t h y n ^ l grouus t o V rH 
i s o f i n t e r e s t , as t h e m e t a l atom does n o t l i e on t h e 
perpendicular Disector o f t h e t r i p l e bond. rtie d i s t a n c e s 
Ag2-Cl and Ag2-C2 are 2.55 and 3.04 2., and t h e angle between 
the d i r e c t i o n o f the t r i p l e bond and t h e l i n e j o i n i n g Ag2 t o t h e 
m i d - p o i n t o f the ethynyl group i s 66°. The ' o b l i q u e ' bonding-
b r i n g s t h e s i l v e r atoms c l o s e r t o g e t h e r , f o r i f the ' s i d e - o n ' 
bonding were s y m m e t r i c a l t h e s i l v e r - s i l v e r distance would be 
3.5 A, and t h i s c o u l d be due t o s i l v e r - s i l v e r b o n d i n g . 
The e t h y n y l carbon atom 01 i s not coplanar w i t h the p h e n y l 
carbon atoms. The e q u a t i o n o f t h e mean p l a n e t h r o u g h t h e 
p h e n y l carbon atoms i s ; 
-0.7374 x' + 0.6660 y + 0.1127 z» = 0.5044-
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where c o o r d i n a t e s are expressed i n £., and a r e r e f e r r e d 
t o axes p a r a l l e l t o * , r b ' , and ' c f . The d i s t a n c e s o f t h e 
atoms C3-C8 f r o m t he p l a n e a r e r e s p e c t i v e l y 0.012, -0.007, 
0.003, -0.004, 0.009, and -0.013 A., w i t h a mean d i s t a n c e 
o f 0.008 JL , w h i l e t h e atoms CI and C2 a r e a t d i s t a n c e s 
0.131 and 0.053 £. fr o m t h e p l a n e . The "bond C3-C2 i s 
t h e r e f o r e n o t s i g n i f i c a n t l y out o f t h e p l a n e o f t h e p h e n y l 
group, h u t C2-C1 i s t i l t e d o ut of t h e p l a n e "by about 5°. The 
d i s t a n c e s o f t h e s i l v e r atoms f r o m t h e p l a n e a r e 0.504 £. 
o 
f o r A g l , and 0.252 A. f o r Ag2, so t n a t t h e b o n d i n g t o t h e 
s i l v e r atoms i s a p p r e c i a b l y out o f t h e p l a n e o f t h e p h e n y l 
group. However t h e e t h y n y l carbon atoms CI and C2 a r e 
copl a n a r w i t h t h e s i l v e r atoms t o 0.05 £., t h e p l a n e 
-0.8254 x f + 0.5643 y + 0.0248 z' = 0 
p a s s i n g t h r o u g h t h e two s i l v e r atoms A g i and Ag2, w i t h CI 
and C2 a t d i s t a n c e s +0.048 A\ The e q u a t i o n o f t h e "best 
p l a n e t h r o u g h t h e s i l v e r atoms and t h e atoms o f t h e two 
p h e n y l e t h y n y l groups a t t a c h e d t o A g l i s 
-0.7788 x* + 0.6259 y + 0.0426 z,' = 0 
None o f these atoms i s more t h a n 0.2 JL f r o m t h e p l a n e , and 
th e mean d i s t a n c e i s 0.09 A. The p h e n y l group i s i n c l i n e d 
at 5 ° t o t h e p l a n e . 
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The "bond l e n g t h s and angles are t a b u l a t e d i n t a b l e X. 
Standard d e v i a t i o n s were c a l c u l a t e d as i n t h e copper com-
pound. For angles where t h e c o o r d i n a t e e r r o r f o r Ag2 made 
a s i g n i f i c a n t c o n t r i b u t i o n t o t h e e r r o r i n t h e bond a n g l e , 
t h e f u l l f o r m u l a f o r s t a n d a r d d e v i a t i o n s o f bond angles 
was used, because <f(x) and 6{z) f o r t h i s atom are z e r o , b u t 
not tf-(y). 
The G*C d i s t a n c e i n t h e e t h y n y l group i s 1.208 + 0.018A". , 
v e r y c l o s e t o t h e mean d i s t a n c e f o r t r i p l e bonds. (1.. 205&. ) 
The b o n d i n g i s n o t q u i t e l i n e a r , as t h e an g l e s Agl-Cl-C2 
and C1-C2-C3 are 172.9 + 1.2° and 175.5 + 1.4° r e s p e c t i v e l y . 
On t h e b a s i s o f t h e c a l c u l a t e d s t a n d a r d d e v i a t i o n s t h e 
*> o 
p r o b a b i l i t i e s t h a t t h e quoted angles are 180 are 0.001% 
and 0.1% r e s p e c t i v e l y , so t h a t b o t h angles are s i g n i f i c a n t l y 
d i f f e r e n t f r o m 180°. The e t h y n y l group adopts a c i s 
c o n f i g u r a t i o n , and the d i s t o r t i o n i n c r e a s e s t h e d i s t a n c e 
between t h e s i l v e r atoms by 0.1 A. The f o u r atoms A g l , C I , 
C2, and C3, are coplanar t o b e t t e r t h a n O.OliL , and t h e i r mean 
pl a n e makes an angle o f about 58° w i t h t h e p l a n e o f t h e 
phen y l group, so t h a t t h e d i s t o r t i o n o f t h e e t h y n y l group i s 
out o f t h e p l a n e o f t h e p h e n y l group. T h i s i s i n c o n t r a s t 
t o t h e copper compound, where t h e 8° d i s t o r t i o n from 180° o f 
th e angle C2-Cl-Cul i s i n t h e p l a n e o f t h e p h e n y l g r o u p , 
(C3-C8). 
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TABLE X. Me„PAgCsCPh: Bond Lengths and Bond A n g l e s . 
Length e.s.d.(£.) Angle e.s.d.(De-, 
g r e e s ) 
Agl-AgS 3.033 0.001 Agl-Ag2-Agl" 175.0 0.1 
Ag2-P 2.490 0.004 Agl-Ag2-P 98.5 0.1 
Agl-Ag2-P" 84.1 0.1 
A g l - C l 2.040 0.013 
P-Ag2-Pn 118.4 0.2 
Ag2-Cl 2.552 0.014 Cl-Ag2-Cl" 107.4 0.6 
P - C l l 1.841 0.016 
01 95.0 0.3 
Ag2-C2 3.040 0.012 P-Ag2-Cl" 121.5 0.3 
C1-G2 1.208 0.018 Ag2-Agl-Cl 56.4 0.4 
Agl-Cl-AP:2 81.9 0.5 
C2-C3 1.452 0.018 Ap;l-Cl-C2 172.9 1.2 
Ag2-Cl-C2 101.9 0.7 
C3-C4 1.402 0.021 
C1-C2-C3 175.5 1.4 
C4-C5 1.419 0.024 
C2-C3-C4 120.1 1.2 
C5-C6 1.350 0.024 C2-C3-C8 120.6 1.2 
C6-C7 1.404 0.022 C3-C4-C5 118.8 1.5 
C4-C5-C6 121.1 1.6 
C7-C8 1.421 0.021 C5-C6-C7 121.4 1.5 
C6-C7-C8 117.2 1.4 
C8-C3 1.372 0.022 C7-C8-C3 122.1 1.3 
C8-C3-C4 119.4 1.3 
P-C9 1.825 0.019 
Ag2-P-C9 109.4 0.6 
P-C10 1.842 0.019 Ag2-P-C10 122.2 0.6 
Ag2-P-Cll 117.2 0.6 
C9-P-C10 103.0 0.8 
C10-P-C11 100.4 0.8 
C11-P-C9 102.2 0.8 
The double p r i m e r e f e r s t o t h e atom a t -x, y, ?-z. 
i . e . t o t h e atom r e l a t e d by t h e t w o - f o l d a x i s . 
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The s i l v e r - c a r b o n d i s t a n c e f o r t h e 'end-on' bonded 
e t h y n y l group i s 2.040 + 0.013A., s h o r t e r t h a n t h e v a l u e o f 
o 
2.13A. f o u n d i n EAg(C£f)0. (Hoard, 1933). The d i s t a n c e i s 
o n l y 0.08A. g r e a t e r t h a n t h e d i s t a n c e C u i - C l i n t h e copper 
compound, whereas t h e d i f f e r e n c e between t h e t e t r a h e d r a l 
c o v a l e n t r a d i i o f s i l v e r and copper i s 0.18£. There may be 
r a t h e r more 'end-on' rr - b o n d i n g i n t h e s i l v e r compound, 
h u t much o f t h e s h o r t e n i n g o f t h e m e t a l - c a r b o n bond r e l a t i v e 
t o t h e copper 5 compound w i l l be because A g l i s - l i n e a r l y 
c o o r d i n a t e d , w h i l e Cul i s t r i g o n a l l y c o o r d i n a t e d . The 
s i l v e r - c a r b o n d i s t a n c e s o f 2.55 and 3.04A. f o r t h e ' s i d e - o n ' 
bonding are l o n g , s u g g e s t i n g o n l y a weak i n t e r a c t i o n between 
t h e m e t a l atom and t h e e t h y n y l group. S i m i l a r s i l v e r - c a r b o n 
d i s t a n c e s are observed I n t h e complexes o f s i l v e r n i t r a t e 
w i t h c y c l o o c t a t e t r a e n e , and w i t h i t s dimer, and a l s o i n t h e 
s i l v e r p e r c h l o r a t e benzene complex. (Matthews and Lipscomb, 
Hyburg arid H i l t o n , 1959; Smith and Rundle, 1958). 
The mean carbon-carbon bond l e n g t h i n t h e p h e n y l r i n g 
i s 1.395.R. and t h e mean bond angle i s 120.0°, and th e s e 
v a l u e s are t h e same as are f o u n d i n o t h e r compounds. Hone 
of t h e i n d i v i d u a l v a l u e s d i f f e r s s i g n i f i c a n t l y from t h e 
mean. Assuming t h a t t h e p h e n y l r i n g i s a r e g u l a r hexagon, 
a s t a n d a r d d e v i a t i o n i n t h e bond l e n g t h s o f 0.028A. may 
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be.deduced, and i n the bond a n g l e s , 1.9". The s t a n d a r d 
d e v i a t i o n s quoted i n t a b l e X and i n t h e t e s t were o b t a i n e d 
from t h e l e a s t squares e s t i m a t e s o f t h e c o o r d i n a t e e r r o r s , 
and t h e mean v a l u e s f o r bond l e n g t h s and a n g l e s i n t h e phenyl 
r i n g are 0.0222. and 1.4°, r a t h e r l e s s t h a n t h e above v a l u e s . 
Standard d e v i a t i o n s o b t a i n e d by t h e least squares method 
are sometimes o p t i m i s t i c , and t h e e r r o r s quoted ought p r o b a b l y 
t o be i n c r e a s e d by about a t h i r d . 
Q 
The s i n g l e bond C2-C3 i s c o n t r a c t e d t o 1.45A., a 
v a l u e i n good agree -raent w i t h t h e c o r r e s p o n d i n g l e n g t h s i n 
t h e copper compound. 
The phosphorus-carbon bond d i s t a n c e s are 1.83, 1.84, 
and 1.842., w i t h t h e mean value o f 1.836.2. v e r y s i m i l a r 
t o t h e mean phosphorus-carbon d i s t a n c e i n t h e copper compound. 
The carbon-phosphorus-carbon angles do n o t d i f f e r s i g n i f i c a n t ! ; / 
f r o m one a n o t h e r b u t t h e a n g l e s Ag2-P-C9, Ag2-P-C10, Ag2-P-Cll 
are r e s p e c t i v e l y 109.4, 122.2, and 117.2°, a l l w i t h e.s.d.'s 
of 0.6 a. As i n t h e copper compound, t h e s e v a l u e s a r e 
s i g n i f i c a n t l y d i f f e r e n t f r o m one a n o t h e r , a l t h o u g h t h e range 
i s even g r e a t e r i n t h i s case. P r o b a b l y t h e angles are 
d i s t o r t e d i n o r d e r t o improve the p a c k i n g . The t h r e e m e t h y l 
groups l i e i n between t h e p h e n y l group, and a p a r a l l e l p h e n y l 
group from t h e c h a i n r e l a t e d by t h e t r a n s l a t i o n a. The p l a n e 
t h r o u g h t h e m e t h y l carbons makes an angle o f 11° w i t h t h e 
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planes of the phenyl groups, whereas the angle would he 18° 
i f the angles at the phosphorus atom were r e g u l a r . The 
d i s t o r t i o n "brings C9 w i t h i n 3.54iL of Ag2. 
The silver-phosphorus distance of 2.49o£. i s nearer 
the sum of the covalent r a d i i of the atoms, (2,6&.), than 
i s the case i n the copper compound. However the s l i g h t 
c o n t r a c t i o n does suggest some dn -dnr 'bonding. This i s 
supported "by the valence angles at the phosphorus atom, 
where the mean values of the Ag-P-C and the C-P-C angles are 
116° and 102°. 
The non-"bonding contacts i n the c r y s t a l of less than 
4&, are t a b u l a t e d i n t a b l e X I . Contacts between groups 
attached t o the s i l v e r atoms i n any one chain are a l l 
greater than 3,7jL Distances between atoms i n adjacent 
chains are a l l greater than 3.7$., except f o r contacts 
"between phenyl carbon atoms r e l a t e d by the centre of 
symmetry at (^,^,0).. The planes of the two r i n g s are 
o 
p a r a l l e l , and are only 3.3A. apart, and there are three 
independent contacts of 3.41, 3.42, 3.44&. between atoms 
C6, C7, C8, and the symmetry r e l a t e d atoms.. 
The magnitudes and d i r e c t i o n s of the p r i n c i p a l axes 
of the thermal v i b r a t i o n e l l i p s o i d s f o r the s i l v e r and the 
phosphorus atoms are given i n t a h l e X I I . The U- -Js, which 
X J 
are r e f e r r e d t o monoclinic axes, were f i r s t transformed t o 
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TABLE X I . Me3AgC«CPh: Non-bonding D i s t a n c e s l e s s t h a n 4 i \ 
1. Atoms i n t h e same c h a i n , 
x, y, z -x , y, 
Agl-G9 •3.77 Ag-i-P 3.72 
C1-C9 3.68 CIO-Agl 3.95 
C8-C10 3.92 C2-C2 3. 99 
1 
x, — y, 2'+' 
C9-C7 3.90 
CIO-CI 3.90 
C l l - C I 3.85 
2. Atoms i n c h a i n s r e l a t e d "by t h e C c e n t e r i n g , 
-g+x, £+y z -§-y, 1-z 






3. Atoms i n c h a i n s r e l a t e d by t h e t r a n s l a t i o n a. 
1-x, —ry, 1—z. 1— x, y, 3/2—z 
C5-C11 3.99 C6-C7 3.99 
C6-C9 3.98 C7-C7 3.70 
C7-C9 3.89 
The f i r s t atom i s always i n t h e s t a n d a r d p o s i t i o n , ( x , y , z ) 
parameters U'• •, r e f e r r e d t o o r t h o g o n a l axes p a r a l l e l t o a*', 
b, and c. ( R o l l e t t and D a v i e s , 1955). The e q u a t i o n s f o r 
t h i s t r a n s f o r m a t i o n a re g i v e n i n appendix C. An a n a l y s i s 
o f t h e a n i s o t r o p i c t h e r m a l m o t i o n o f t h e carbon atoms was 
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TABLE X I I . The Magnitudes 
P r i n c i p a l Axes o f 
f o r t h e S i l v e r 
and D i r e c t i o n s o f t h e 
t h e V i o r a t i o n E l l i p s o i d s 
and Phosphorus Atoms. 
Atom U 10 g. , i i 
4 
1 0 S i 2 
10\5 
A g l i = l 
i=2. 













Ag2 i = l 
i = 2 













P i = l 
1-2 













g...f i s t h e d i r e c t i o n c o s i n e o f t h e p r i n c i p a l a x i s V 
1 J w i t h r e s p e c t t o t h e c e l l a x i s ' 1 ' . 
' TT ' ! r I s t h e magnitude o f t h e a x i s o f t h e v i b r a t i o n 
e l l i p s o i d i n A2. 
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n o t u n d e r t a k e n , as t h e IJ. . }s f o r these atoms are n o t 
r e l i a b l e . 
The m a j o r a x i s f o r A g l i s p e r p e n d i c u l a r t o t h e two 
<r-bonds t o t h e e t h y n y l g r o u p s , and t h e m a j o r a x i s f o r Ag'S 
l i e s a l o n g t h e b a x i s , a d i r e c t i o n , which i n v o l v e s l e a s t 
d i s t o r t i o n , o f t h e t e t r a h e d r a l l y a r r a n g e d bonds. As m i g h t 
be e x p e c t e d , t h e major a x i s f o r t h e phosphorus atom i s 
a p p r o x i m a t e l y p e r p e n d i c u l a r t o t h e s i l v e r - p h o s p h o r u s bond. 
The v i b r a t i o n a m p l i t u d e s f o r t h e l i g h t atoms are l a r g e , 
as t h e y are i n each o f t h e complexes s t u d i e d . The average 
t e m p e r a t u r e f a c t o r s f o r t h e p h e n y l and t h e m e t h y l carbon 
o2 
atoms co r r e s p o n d t o B v a l u e s o f about 6 and 8 A . r e s p e c t i v e l y . 
The t e m p e r a t u r e f a c t o r s are g e n e r a l l y l a r g e r f o r atoms 
f u r t h e s t f r o m t h e s i l v e r - s i l v e r c h a i n . 
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TABLE V I I Observed and Calculated Structure Factors 
Successive columns give values of h, k, |F |, F 
1 = 0 
0 0 1136 1 5 196 193 
2 0 120 118 3 5 348 314 
4 0 276 262 5 5 167 169 
6 0 137 130 7 5 122 118 
8 0 102 101 9 5 60 65 
10 0 55 52 11 5 33 43 
12 0 27 24 13 5 21 13 
1 1 — 364 0 6 213 200 
3 1 302 275 2 6 242 238 
5 1 236 228 4 6 182 189 
7 1 89 90 6 6 158 154 
9 1 98 93 8 6 106 104 
11 l 39 36 10 6 37 37 
13 1 29 24 12 6 26 27 
0 2 346 1 7 298 271 
2 2 254 245 3 7 213 226 
4 2 259 251 5 7 143 130 
6 2 159 159 7 7 135 133 
8 2 109 108 9 7 24 27 
10 2 65 65 11 7 42 44 
12 2 30 24 
0 8 159 158 
1 3 — 383 • 2 8 285 272 
3 3 248 252 4 8 180 174 
5 3 197 195 6 8 120 117 
7 3 104 106 8 8 65 62 
9 3 80 83 10 8 33 33 
11 3 31 29 12 8 31 28 
13 3 25 23 180 1 9 200 
0 4 284 262 3 9 174 167 
2 4 469 435 5 9 136 118 
4 4 170 170 7 9 129 123 
6 4 153 147 9 9 39 38 
8 4 78 82 11 9 35 32 
10 4 46 50 
12 4 30 25 0 10 127 122 
2 10 222 208 
4 10 103 99 2 16 74 76 
6 10 136 138 4 16 66 58 
8 10 51 52 6 16 37 41 
10 10 37 33 8 16 30 32 
12 10 26 20 10 16 26 21 
1 11 196 184 1 17 69 66 
3 11 166 153 3 17 49 47 
5 11 116 104 5 17 62 58 
7 11 53 58 7 17 27 28 
9 11 32 39 9 17 25 29 
11 11 25 22 
0 18 55 52 
0 12 194 183 2 18 62 64 
2 12 121 121 4 18 46 45 
4 12 128 130 6 18 33 34 
6 12 60 63 8 18 19 21 
8 12 42 44 
10 12 34 33 1 19 60 61 
3 19 34 38 
1 13 143 133 5 19 28 29 
3 13 82 80 7 19 34 28 
5 13 97 92 
7 13 58 55 0 20 45 45 
9 13 47 46 2 20 32 31 
4 20 35 33 
0 ]4 161 157 6 20 28 26 
2 14 59 58 8 20 20 19 
4 14 136 131 
6 14 31 36 1 21 24 22 
8 14 38 40 3 21 39 38 
10 14 27 29 5 21 24 21 77 21 28 26 
1 15 117 115 
3 15 83 84 0 22 25 17 
5 15 66 63 2 22 41 38 
7 15 22 21 4 22 <26 17 
9 15 38 38 
1 23 23 22 
0 16 104 98 3 23 30 26 
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TABLE V I I -continued 
1 = 0 
0 24 < 26 1 
2 24 26 27 
1 25 <27 12 
3 25 20 15 
0 26 27 20 
1 = 1 
-13 1 <33 3 
- 1 1 1 <27 5 
- 9 1 <24 3 
- 7 1 18 -13 
- 5 1 <19 9 
- 3 1 85 - 7 1 
- 1 1 ___ - 4 1 
+ l 1 34 +40 
3 1 46 +47 
5 1 36 +36 
7 1 20 -12 
9 1 <28 +16 
11 1 <33 -10 
-12 2 24 -19 
-10 2 28 29 
- 8 2 33 -32 
- 6 2 39 42 
- 4 2 <20 - 1 
- 2 2 79 81 
0 2 -11 
+ 2 2 94 - 8 1 
4 2 80 +78 
6 2 27 -31 
8 2 28 +26 
10 2 <26 -3 
-13 3 <24 -3 
- 1 1 3 <23 -10 
- 9 3 20 19 
•- 7 3 19 -18 
- 5 3 57 58 
- 3 3 106 82 
- 1 3 — 130 
+1 3 226-163 
3 3 < 2 l +13 
5 3 <17 +9 
7 3 <19 -4 
9 3 25 +28 
11 3 <24 -11 
-8 4 26 -26 
- 6 4 34 32 
- 4 4 87 81 
- 2 4 188 -136 
0 4 110 89 
2 4 <20 -10 
4 4 83 +79 
6 4 24 -18 
8 4 34 +31 
-7 5 25 -25 
-5 5 29 31 
-3 5 51 -54 
- 1 5 141 124 
* 1 5 83 -73 
3 5 94 +84 
5 5 27 +28 
7 5 33 +31 
-8 6 <34 5 
-6 6 25 20 
- 4 6 78 73 
- 2 6 18 13 
0 6 68 +63 
2 6 19 -26 
4 6 33 +40 
6 6 < 3 l +3 
- 7 7 <32 12 
-5 7 59 64 
-3 7 <23 13 
- 1 7 94 7$ 
+1 7 33 +39 
3 7 22 -21 
5 7 26 +28 
7 7 <34 +18 
- 8 8 <35 -5 
-6 8 43 40 
-4 8 31 -33 
- 2 8 29 31 
0 8 24 +23 
2 8 91 +86 
4 8 27 +28 
6 8 33 +34 
-7 9 29 28 
-5 9 47 -46 
-3 9 53 53 
- 1 9 20 18 
* 1 9 96 +87 
3 9 <27 +6 
5 9 63 +61 
7 9 <36 +15 
- 8 10 29 26 
-6 10 <32 15 
- 4 10 38 38 
- 2 10 58 57 
0 10 <24 -5 
2 10 110 +D0 
4 10 21 -17 
6 10 21 +24 
-7 11 32 30 
-5 11 <31 -8 
-3 11 76 71 
- 1 11 <26 1 
+1 11 79 +71 
3 11 27 +26 
5 11 <33 +8 
7 11 34 +31 
-8 12 40 44 
-6 12 44 -38 
- 4 12 25 26 
-2 12 26 28 
0 12 <26 15 
2 12 93 +82 
4 12 <32 +19 
6 12 40 +40 
-5 13 <33 -8 
-3 13 42 39 
- 1 13 <29 13 
+1 13 51 +48 
3 13 51 +51 
5 15 <35 +13 
-6 14 28 30 
- 4 14 27 26 
- 2 14 35 34 
0 14 32 +33 
2 14 3 3 + 3 1 
4. 14 <34 +8 
6 14 26 +19 
-5 15 < 35 13 
-3 15 30 24 
- 1 15 32 32 
+1 15 29 +29 
3 15 <31 +12 
5 15 34 +36 
- 6 16 30 24 
- 4 16 < 3 l - 4 
- 2 16 20 19 
0 16 40 +35 
2 16 <34 +16 
4 16 38 *39 
-5 17 40 38 
-3 17 <35 - 4 
- 1 17 36 32 
+1 17 < 34 +19 
3 17 27 +24 
- 4 18 29 30 
- 2 18 < 35 13 
0 18 42 +.35 
2 18 <36 -12 
4- 18 27 +25 
- 1 19 34 33 
+1 19 <28 - 4 
3 19 27 +31 
1 = 2 
-12 0 <25 -3 
-10 0 40 -43 
-8 0 21 20 
-6 0 80 -83 
- 4 0 65 62 
- 2 0 <19 19 
0 0 80 73 
2 0 25 18 
4 0 33 -33 
6 0 <17 -9 
8 0 19 -17 
10 0 <20 8 
-13 1 <38 0 
- 1 1 1 <26 -16 
-9 1 <24 0 
- 7 1 27 - 3 1 
-5 1 25 -35 
-3 1 187 171 
- l 1 — -157 
+1 1 64 56 
TABLE V I I - continued 
1 = 2 
3 l 97 -94 
5 1 44 49 
7 1 25 -25 
9 1 <26 -5 
11 l < 3 3 - 2 
-12 2 <26 1 
-10 2 28 -23 
-8 2 25 23 
-6 2 2 4 - 2 4 
- 4 2 26 38 
- 2 2 57 -49 
0 2 61 -57 
2 2 <16 -14 
4 2 33 -34 
6 2 23 22 
8 2 <31 -13 
10 2 <27 2 
-13 3 <24 0 
- 1 1 3 20 -17 
-9 3 <20 -8 
- 7 3 20 -19 
-5 3 <17 2 
-3 3 <16 -17 
- l 3 70 74 
+1 3 56 -45 
3 3 23 19 
5 3 <17 -10 
7 3 <20 -9 
9 3 <22 -7 
11 3 <24 -5 
-8 4 <27 -23 
-6 4 < 2 2 3 
- 4 4 33 -37 
- 2 4 49 37 
0 4 69 65 
2 4 32 38 
4 4 27 -22 
- 7 5 <25 - 2 
-5 5 21 21 
-3 5 48 -56 
- 1 5 33 35 
+1 5 52 -49 
3 5 18 21 
5 5 <27 -10 
-8 6 26 -25 
-6 6 58 59 
-4 6 40 -44 
- 2 6 86 -73 
0 6 44 38 
2 6 22 -18 
4 6 16 19 
-7 7 <26 14 
-5 7 21 -23 
-3 7 17 -17 
- l 7 45 50 
+1 7 <18 5 
3 7 51 53 
5 7 <2l -25 
-8 8 36 -42 
-6 8 21 22 
-4 8 25 -24 
-2 8 36 ' 36 
0 8 29 25 
2 8 <23 8 
4 8 25 29 
-5 9 22 20 
-3 9 48 -49 
-1 9 38 40 
+1 9 51 -52 
3 9- 58 63 
5 9 31 -32 
-6 10 21 16 
-4 10 25 -24 
- 2 10 49 49 
0 10 54 -50 
2 10 23 25 
-5 11 <27 16 
-3 11 <23 5 
- l 11 36 42 
+1 11 <23 15 
3 11 21 21 
-4 12 34 33 
-2 12 <23 18 
0 12 22 17 
2 12 < 27 12 
-3 13 32 
- 1 13 37 
+1 13 53 




- 4 1 
- 4 14 42 
- 2 14 < 25 




-3 15 33 
- 1 15 <23 




- 4 16 26 
- 2 16 — 
28 
13 
-3 17 — 
- l 17 <24 
13 
11 
- 2 18 -z 16 
- l 19 <25 17 
-2 20 14 
- 1 21 <26 11 
- 2 22 -Ir 11 
- 1 23 27 24 
—2 24 "~ 9 
1 = 3 
-13 1 <33 9 
- 1 1 1 <26 -10 
-9 1 23 21 
-7 1 40 -39 
-5 1 21 21 
-3 1 74 -84 
- l 1 <17 -8 
+1 1 14 +14 
3 l 14 -14 
5 1 31 +36 
7 l 25 -19 
9 l <27 +2 
-14 2 <30 , 0 
-12 <£ <26 -5 
-10 ;2 <24 -9 
-8 2 <23 -3 
- 6 <2 <20 13 
- 4 <2 a.7 -5 
- 2 2 110 -110 
0 2 65 +65 
2 2 25 -26 
4 2J.< 21 -2 
6 2 <22 +3 
8 2 < 25 -8 
10 2 <27 +1 
-13 3 < 24 5 
- 1 1 3 33 -34 
-9 3 23 26 
- 7 3 40 -39 
-5 3 73 65 
-3 3 96 -79 
- 1 3 48 -46 
+1 3 91 +78 
3 3 92 -91 
5 3 31 +33 
7 3 23 -19 
9 3 <23 +3 
11 3 <24 -6 
-10 4 <28 -20 
-8 4 <24 13 
-6 4 55 -53 
- 4 4 36 36 
- 2 4 129 -115 
0 4 31 13 
2 4 34 34 
4 4 43 -44 
- 1 1 5 26 -22 
-9 5 <26 12 
-7 5 17 -22 
-5 5 52 -53 
-3 5 52 -48 
- 1 5 86 -74 
+1 5 58 -50 
3 5 44 43 
TABIQS VII-continued 
1 = 3 
5 5 18 +18 
-10 6 <28 -19 
- 8 6 < 2 4 3 
-6 6 43 -53 
- 4 6 38 41 
-2 6 106 -95 
-0 6 <13 -10 
2 6 17 -17 
4 6 < 22 -3 
-9 7 < 2 7 -8 
- 7 7 21 -25 
-5 7 25 -28 
-3 7 <17 - 4 
- 1 7 10 -15 
+1 7 68 - 6 4 
3 7 <19 -10 
5 7 < 24 -5 
-8 8 31 -34 
-6 8 23 -25 
- 4 8 46 -48 
- 2 8 17 -18 
0 8 68 - 6 1 
2 8 <18 -5 
4 8 < 23 -5 
-9 9 29 -27 
-7 9.' 19 -19 
-5 9 45 - 5 1 
-3 9 68 - 6 1 
- 1 9 19 18 
+1 9 36 -39 
3 9 <2S - 8 
5 9 32 -34 
-8 10 52 -49 
-6 10 <22 - 2 
- 4 10 44 -45 
-2 10 27 23 
0 10 81 -73 
2 10 < 21 - 4 
4 10 29 -28 
-9 11 53 -52 
-7 11 <22 8 
-5 11 58 -61 
-3 11 <19 -e 
-5- 11 <18 m +1 11 61 -60 
3 11 <22 - 4 
5 11 31 -35 
-8 12 37 -37 
- 6 12 <23 -15 
- 4 12 ft. -65 
- 2 12 <20 -14 
0 12 31 -33 
2 12 <21 - l 
4 12 36 -37 
-9 13 31 - 3 1 
-7 13 <27 -19 
-5 13 33 - 4 1 
-3 13 24 -26 
- l 13 19 -20 
+1 13 28 -28 
-8 14 25 -26 
- 6 14 21 -15 
- 4 14 31 -34 
- 2 14 <21 •^7 
0 14 33 -35 
2 14 21 - 2 1 
- 7 15 33 - 3 1 
-5 15 16 -12 
-3 15 35 -38 
- 1 15 20 -23 
+1 15 <23 - 4 
- 6 16 34 -33 
- 4 16 24 -24 
- 2 16 32 -34 
0 16 20 -17 
-7 17 31 -27 
-5 17 17 -19 
-3 17 21 -14 
- l 17 35 -36 
-6 18 27 -29 
- 4 18 < 26 -3 
-2 18 36 -37 
-5 19 23 -13 
-3 19 <27 -18 
- 1 19 31 - 3 1 
-6 20 27 -22 
- 4 20-<28 -7 
-2 20 29 -32 
1 = 4 
-14 0 25 19 
-12 0 64 67 
-10 0 67 66 
-8 0 138 135 
- 6 0 245 245 
- 4 0 335 303 
- 2 0 171 206 
0 0 206 200 
2 0 313 311 
4 0 79 80 
6 0 106 105 
8 0 40 4 1 
10 0 25 24 
-13 1 35 32 
- 1 1 l 82 81 
-9 1 87 83 
-7 l 240 239 
-5 l 167 173 
-3 1 315 335 
- l l 239 251 
+1 1 214 216 
3 l 165 164 
5 1 108 108 
7 1 74 81 
9 1 25 15 
11 1 — 22 
-14 2 30 19 
-12 2 59 59 
-10 2 74 73 
- 8 2 173 162 
-6 2 230 227 
- 4 2 232 228 
- 2 2 270 288 
0 2 231 218 
2 2 226 219 
4 2 111 111 
6 2 93 97 
8 2 40 39 
10 2 32 23 
-15 3 27 20 
-13 3 29 32 
- 1 1 3 70 73 
-9 3 93 97 
-7 3 175 175 
-5 3 225 228 
-3 3 283 282 
- 1 3 238 237 
+1 3 190 208 
3 3 184 181 
5 3 97 97 
7 3 52 58 
9 3 33 33 
11 3 24 16 
-y+ 4 31 38 
-12 4 39 46 
-10 4 75 81 
-8 4 128 129 
-6 4 189 181 
- 4 4 230 240 
- 2 4 277 276 
0 4 238 233 
2 4 187 182 
4 4 148 136 
6 4 65 66 
8 4 48 47 
-13 5 — 35 
- 1 1 5 44 49 
-9 5 138 136 
-7 5 125 121 
-5 5 186 197 
-3 5 258 252 
- 1 5 290 .291 
- 99 -
TABLE V I I -continued 
1 a 4 
+1 5 168 170 
3 5 132 131 
5 5 108 112 
7 5 43 43 
9 5 4 1 35 
-14 6 34 31 
-12 6 33 33 
-10 6 88 94 
-8 6 92 107 
- 6 6 177 165 
- 4 6 221 233 
- 2 6 203 201 
0 6 259 239 
2 6 154 143 
4 6 131 132 
6 6 36 44 
8 6 45 47 
-13 7 33 37 
- 1 1 7 38 4 1 
-9 7 115 123 
-7 7 69 71 
-5 7 230 227 
-3 7 184 187 
- l 7 208 212 
+1 7 213 202 
3 7 118 116 
5 7 84 87 
7 7 43 4 1 
9 7 37 36 
-14 8 32 29 
-12 8 30 28 
t lO 8 73 82 
-8 8 90 90 
-6 8 138 132 
- 4 8 186 175 
- 2 8 191 205 
0 8 260 252 
2 8 75 73 
4 8 127 121 
6 8 45 54 
8 8 40 40 
-13 9 30 29 
- 1 1 9 42 47 
-9 9 80 85 
-7 9 88 91 
-5 9 206 197 
-3 9 129 121 
- 1 -9 205 206 
+1 9 155 151 
3 9 93 100 
5 9 69 71 
7 9 38 35 
-12 10 32 34 
-10 10 58 62 
-8 10 79 80 
-6 10 131 124 
- 4 10 175 160 
- 2 10 128 130 
0 10 190 175 
2 10 106 103 
4 10 88 85 
6 10 40 47 
8 10 30 35 
- 1 1 11 39 4 1 
-9 11 48 59 
- 7 11 96 100 
-5 11 114 117 
-3 11 135 126 
- 1 11 169 164 
+1 11 117 111 
3 11 87 87 
5 11 61 62 
7 11 34 39 
-12 12 30 30 
-10 12 37 39 
-8 12 72 77 
-6 12 91 91 
- 4 12 117 120 
- 2 12 150 145 
0 12 105 98 
2 12 102 102 
4 12 59 59 
6 10 50 52 
- 1 1 13 31 34 
-9 13 37 4 1 
-7 13 99 98 
-5 13 81 85 
-3 13 133 132 
- 1 13 .68 68 
+1 13 111 104 
3 13 83 85 
5 13 32 33 
7 13 40 34 
-10 14 31 33 
-8 14 66 69 
-6 14 67 69 
- 4 14 77 82 
-2 14 129 121 
0 14 53 52 
2 14 93 91 
4 14 44 44 
6 14 45 46 
-9 15 27 26 
-7 15- 86 82 
-5 15 45 48 
-3 15 107 107 
- 1 15 68 66 
+1 15 75 69 
3 15 67 64 
5 15 33 35 
7 15 31 27 
-8 16 38 42 
- 6 16 59 64 
- 4 16 62 66 
- 2 16 81 82 
0 16 42 44 
2 16 11 
4 16 37 35 
6 16 30 26 
-9 17 27 24 
-7 17 51 53 
-5 17 48 49 
-3 17 61 64 
- 1 17 50 53 
+1 17 58 56 
3 17 43 40 
5 17 29 27 
-8 18 30 33 
- 6 18 42 43 
- 4 18 44 43 
- 2 18 53 55 
0 18 44 48 
2 18 38 39 
4 18 29 29 
-7 19 <25 24 
-5 19 51 50 
-3 19 35 37 
- 1 19 37 42 
+1 19 47 47 
3 19 31 26 
- 6 20 28 29 
- 4 20 38 40 
- 2 20 31 30 
0 20 46 46 
-5 21 34 32 
-3 21 < 33 23 
-1 21 47 38 
+1 21 28 26 
- 4 22 32 26 
- 2 22 24 19 
0 22 34 33 
- 2 24 29 18 
1 = 5 
-13 l <27 2 
-11 1 <25 3 
-9 1 21 13 
-7 1 <18 -9 
-5 1 26 -24 
-3 1 60 70 
- 1 1 28 -35 
+1 1 19 +17 
3 1 <18 -10 
5 1 <20 +9 
7 K 2 6 - 4 
9 1 <33 +3 
100 -
TABLE VII--' -continued 
1 = 5 
14- 2 <27 -5 
12 2 <26 13 
10 2 25 -17 
- 8 2 49 49 
-6 2 61 -56 
- 4 2 4 1 37 
- 2 2 <22 -2 
0 2 18 +-19 
2 2 33 +30 
4 2 <18 -11 
6 2 <22 11 
8 2 <27 -5 
13 3 <23 9 
11 3 <21 - 2 
-9 3 <21 4 
-7 3 45 44 
-5 3 84 -70 
-3 3 49 49 
- 1 3 < i i ^0 
+1 3 68 -1-65 
3 3 <18 -10 
5 3 20 +13 
7 3 <23 -1 
9 3 <24 +2 
10 4 <27 -7 
-8 4 39 47 
- 6 4 72 -70 
- 4 4 92 77 
- 2 4 54 4 1 
0 4 34 -34 
2 4 57 +55 
4 4 <19 — 
6 4 18 +21 
-9 5 <25 - 0 
-7 5 53 52 
-5 5 50 -44 
-3 5 47 41 
- 1 5 22 20 
+1 5 51 +54 
3 5 < 18 -5 
5 5 < 20 +1 
-10 6 < 2 8 -7 
-8 6 24 26 
-6 6 10 8 
- 4 6 14- 14 
- 2 6 23 a 
0 6 4-0 +37 
2 6 34 +38 
4 6 <19 - 1 
6 6 22 +22 
-9 7 <21 10 
- 7 7 <16 13 
_> 7 25 26 
-3 7 23 27 
- 1 7 14 15 
+1 7 4-6 +50 
3 7 <19 +6 
5 7 17 +18 
-10 8 <23 19 
-8 8 <18 -5 
-6 8 41 42 
- 4 8 37 38 
- 2 8 10 12 
0 8 37 +36 
2 8 <17 +6 
4 8 27 +27 
-9 9 16 14 
- 7 9 <17 14 
-5 9 54 57 
-3 9 15 -19 
- l 9 55 57 
+1 9 25 +29 
3 9 <20 +7 
5 9 18 +16 
-10 10 27 28 
-8 10 16 -16 
-6 10 45 50 
- 4 10 17 18 
- 2 10 44 44 
0 10 25 +17 
2 10 <18 +7 
4 10 46 +51 
-9 11 17 20 
-7 11 <25 2 
-5 11 55 56 
-3 11 12 11 - l 11 48 52 
+1 11 <19 -16 
3 11 46 450 
-6 12 42 47 
- 4 12 <17 9 
- 2 12 38 42 
0 12 24 +19 
2 12 <19 +10 
4 12 30 +31 
-5 13 29 34 
-3 13 17 16 
- 1 13 46 48 
+1 13 <20 - 4 
3 13 35 +39 
-6 14 18 13 
- 4 14 31 34 
- 2 14 18 20 
0 14 25 +23 
2 14 21 +25 
4 14 24 +24 
-5 1-5 22 21 
-3 15 19 19 - l 15 21 20 
+1 15 29 +32 
3 15 18 +11 
- 4 16 20 20 
- 2 16 <20 17 
0 16 29 +28 
2 16 20 +22 
-3 17 32 33 - l 17 <21 8 
+1 17 28 +33 
- 2 18 17 17 
0 18 15 +19 
2 18 27 +30 
-3 19 27 26 
- 1 19 — 8 
+1 19 19 +22 
i » 6 
-14 :o <22 -10 
-12 .-0 <22 -12 
tlO £0 19 11 
-8 :.0 31 -35 
-6 zQ 53 5 1 
- 4 :.:0 81 - 7 1 
- 2 :.o 17 20 
0 ::0 30 -34 
2 0 <16 7 
4 .:0 23 23 
6 0 25 -27 
8 ...0 <22 6 
-13 1 28 -26 
- 1 1 1 <25 4 
-9 1 <23 -7 
-7 1 <19 11 
-5 l 57 -57 
-3 1 20 15 - l 1 30 29 
+1 l 24 -25 
+3 l 24 24 
5 l 27 -24 
7 1 <30 4 
-14 2 <29 -9 
-12 2 <28 -17 
-10 2 <25 8 
-8 2 29 -32 
-6 2 28 27 
- 4 2 47 - 5 1 
- 2 2 47 46 
- 101 -
TABLE V I I -continued 
1 = 6 
-0 2 <-12 - 6 
2 2 18 18 
4 2 <18 -7 
6 2 23 -18 
8 2 <27 -1 
-13 3 <25 -12 
-11 3 <21 1 
-9 3 <16- -14 
-7 3 <14 -7 
-5 3 26 22 
-3 3 47 -47 
- 1 3 32 34 
+1 3 15 -18 
3 3 <18 4 
5 3 < 22 -4 
7 3 <24 -3 
-10 4 <25 -11 
-8 4 14 -11 
-6 4 13 17 
-4 4 < 9 4 
-2 4 27 -26 
-0 4 < H -2 
2 4 <16 8 
4 4 < 21 -14 
-11 5 17 
-9 5 <17 -4 
-7 5 <15 -11 
-5 5 <io 10 
-3 5 13 12 
- 1 5 <io 6 
+1 5 16 20 
3 5 24 -26 
5 5 <22 k 
-10 6 29 - 3 1 
-8 6 21 19 
- 6 6 40 -43 
-4 6 92 82 ' 
-2 6 40 -39 
0 6 36 30 
2 6 <16 - 6 
4 6 <21 -8 
- 1 1 7 22 - 2 1 
-9 7 <18 - 1 
- 7 7 <17 1 
-5 7 <12 6 
-3 7 32 35 
- 1 7 43 -42 
+1 7 26 27 
3 7 25 -28 
5 7 19 20 
-10 8 20 -19 
-8 8 30 33 
- 6 8 50 -49 
- 4 8 72 66 
- 2 8 18 -20 
0 8 17 13 
2 8 <17 -13 
-9 9 <26 9 
-..7 9 <22 -16 
-5 9 13 16 
-3 9 35 37 - l 9 <14 - 6 
+1 9 12 13 
-6 10 <18 - 1 
- 4 10 12 14 
-2 10 15 17 
-5 11 16 10 
-3 11 <16 3 - l 11 <15 7 
-6 12 18 15 
- 4 12 « 1 5 - 7 
- 2 12 25 26 
-5 13 <17 9 
-3 13 <16 6 
- 1 13 17 16 
-6 14 26 29 
- 4 14 20 - 2 1 
- 2 14 19 20 
-5 15 <20 11 
-3 15 <18 -5 
- 1 15 14 16 
-6 16 25 28 
16 17 - 1 1 
-2 16 21 25 
-3 17 < 2 l - 1 
- 1 17 27 26 
- 4 18 <22 5 
- 2 18 18 18 
-3 19 21 17 
- 4 20 22 21 
-3 21 24 18 
1 = 7 
-15 1 <32 - 2 
-13 1 <27 -5 
- 1 1 1 <24 5 
-9 l 23 -19 
-7 1 <17 12 
-5 1 <24 1 
-3 1 24 19 
- l 1 11 -10 
+1 l <14 +2 
3 1 24 -24 
5 1 <26 +0 
7 i <30 +5 
-14 2 <27 -10 
-12 2 <25 9 
-10 2 <22 _4 
-8 2 38 -44 
- 6 2 35 33 
- 4 2 45 -40 
-2 2 4 1 35 
0 2 46 -43 
2 2 28 4-26 
4 2 25 -21 
6 2 <26 +7 
8 2 <27 - 1 
-15 3 <24 1 
-13 3 <23 -9 
- 1 1 3 <22 15 
-9 3 44 -48 
-7 3 13 14 
-5 3 51 -45 
-3 3 13 13 
- 1 3 22 ,25 
+1 3 <14 +9 
3 3 <17 +6 
5 3 21 -15 
7 3 <24 +9 
-12 • 4 <25 11 
-10 4 15 -17 
-8 4 36 -36 
^6 4 18 18 
- 4 4 43 -40 
- 2 4 43 40 
0 4 37 - 3 1 
2 4 <16 -13 
4 4 <21 -14 
- 1 1 5 <19 8 
-9 '5 50 - 5 1 
- 7 5 19 -20 
-5 5 37 -33 
-3 5 13 14 
- 1 5 < l i -10 
* l 5 30 -33 
3 5 <18 +8 
5 5 26 -26 
-12 6 <25 - 2 
-10 6 20 -19 
-8 6 15 -3s6 
- 6 6 35 -36 
- 4 6 25 -23 
- 2 6 <17 12 
0 6 30 -36 
- 102 -
TABLE V I I -continued 
1 = 7 
2 6 <17 +1 
4 6 <21 +2 
- 1 1 7 <21 -12 
-9 7 16 -15 
- 7 7 18 -17 
-5 7 44 -44 
-3 7 20 -18 
- 1 7 13 -10 
+1 7 <16 - 8 
3 7 <18 - 6 
-12 8 21 -19 
-10 8 <18 -9 
-8 8 -11 -12 
-6 8 31 -32 
- 4 8 <12 -6 
-2 8 <12 -10 
0 8 28 -30 
2 8 <17 - 1 1 
- 1 1 9 29 -29 
-9 9 <17 4 
-7 9 39 -39 
-5 9 <14 - 0 
-3 9 34 -35 
- 1 9 25 -27 
+1 9 <17 •»2 
3 9 17 -18 
-12 10 17 -19 
-10 10 <21 -9 
-8 10 <17 - 1 1 
- 6 10 49 -47 
- 4 10 <14 -13 
- 2 10 50 -48 
0 10 15 +11 
2 10 14 -17 
- 1 1 1 22 -•21 
-9 11 <18 -3 
-7 11 34 -38 
-5 11 <17 4 
-3 11 65 -64 
- 1 11 <16 - 4 
+1 11 <18 - 1 
3 11 18 -13 
-12 12 21 -17 
-10 12 20 -15 
-8 12 <18 - 1 1 
-6 12 26 -27 
- 4 12 <16 8 
- 2 12 62 -59 
0 12 13 *12 
2 12 24 -25 
- 1 1 13 23 -21 
-9 13 <21 -8 
- 7 13 28 -28 
-5 13 <18 -12 
-3 13 29 -33 
- l 13 <17 - 1 1 
+1 13 <19 - 6 
-10 14 < 23 -11 
-8 14 22 -22 
- 6 14 20 - 2 1 
- 4 14 24 -25 
- 2 14 22 -24 
0 14 <19 - 2 
-9 15 <22 -13 
-7 15 18 -19 
-5 15- 17 -20 
-3 15 <18 -9 
- l 15 18 - 2 1 
+1 15 <22 - 5 
-10 16 <24 -14 
-8 16 22 -17 
-6 16 <21 -8 
- 4 16 23 -25 
- 2 16 <19 7 
0 16 23 -27 
-9 17 28 -23 
-7 17 <22 -9 
-5 17 31 -29 
-3 17 < 2 l -3 
- l 17 <22 -5 
+1 17 19 -18 
-10 18 23 -16 
-8 18 < 23 -15 
- 6 18 <22 -12 
- 4 18 24 - 2 1 
-9 19 27 -20 
-7 19 <24 -3 
-5 19 18 -20 
1 = 8 
-16 0 <32 10 
-14 0 51 52 
-12 0 45 49 
-10 0 131 133 
-8 0 92 98 
-6 0 172 172 
- 4 o 169 174 
-2 0 148 152 
0 0 120 117 
2 0 64 67 
4 0 74 73 
6 0 25 22 
8 0 22 
-15 1 35 31 
-13 1 45 48 
- 1 1 1 83 83 
-9 1 110 117 
-7 1 110 119 
-5 1 194 205 
-3 1 120 125 
- l 1 172 174 
+1 1 106 106 
3 1 54 54 
5 1 38 43 
7 1 28 21 
-16 2 28 15 
-14 2 48 46 
-12 2 54 54 
-10 2 100 104 
-8 2 95 102 
-6 2 149 161 
- 4 2 177 184 
- 2 2 140 145 
0 2 157 15© 
2 2 73 7£ 
4 2 54 54 
6 2 28 23 
8 2 25 18 
-15 3 32 29 
-13 3 46 47 
- 1 1 3 70 72 
-9 3 127 132 
-7 3 108 115 
-5 3 180 178 
-3 3 132 140 
- 1 3 148 162 
+1 3 67 70 
3 3 76 77 
5 3 37 38 
7 3 26 23 
-16 4 26 20 
-14 4 35 33 
-12 4 55 61 
-10 4 83 88 
-8 4 130 142 
-6 4 126 138 
- 4 4 156 161 
- 2 4 125 132 
0 4 107 99 
2 4 80 81 
4 4 52 55 
6 4 29 30 
-15 5 25 24 
-13 5 40 45 
- 1 1 5 59 64 
-9 5 84 95 
-7 5 146 159 
-5 5 131 117 
-3 5 159 166 
- 1 5 113 114 
+1 101 103 
3 5 60 61 
5 5 28 33 
-16 6 27 23 
-14 6 27 23 
-12 6 60 61 
-10 6 61 68 
- 103 
TABLE V I I - continued 
1 = 8 
-8 6 119 12? 
-6 6 125 130 
- 4 6 126 132 
-2 6 172 159 
0 6 82 77 
2 6 86 89 
4 6 45 42 
6 6 27 27 
-13 7 34 40 
- 1 1 7 60 66 
-9 7 73 79 
-7 7 156 169 
-5 7 74 71 
-3 7 169 180 
-1 7 52 53 
+1 7 94 99 
3 7 49 52 
5 7 33 39 
-14 8 24 16 
-12 8 55 61 
-10 8 53 53 
-8 8 118 116 
-6 8 117 133 
-4 8 100 105 
- 2 8 108 98 
0 8 88 81 
2 8 81 83 
4 8 . 24 26 
6 8 28 32 
-13 9 28 32 
- 1 1 9 55 57 
-9 9 60 65 
-7 9 113 108 
-5 9 105 110 
-3 9 116 121 
- l 9 80 82 
+1 9 81 82 
3 9 42 48 
5 9 26 26 
-14 10 <30 17 
-12 10 43 49 
-10 10 38 47 
-8 10 91 92 
-6 10 84 86 
- 4 10 108 115 
-2 10 84 87 
0 10 85 79 
2 10 55 59 
4 10 25 27 
-13 11 24 28 
-11 11 41 48 
-9 11 60 64 
- 7 11 80 80 
-5 11 109 111 
-3 11 58 63 
- l 11 79 80 
+1 11 52 57 
3 11 37 42 
5 11 24 21 
-14 12 25 23 
-12 12 26 27 
-10 12 50 55 
-8 12 57 62 
-6 12 80 79 
-4- 12 76 82 
-2 12 76 73 
0 12 64 69 
2 12 36 38 
4 12 28 30 
-13 13 <32 22 
-11 13 31 34 
-9 13 52 53 
-7 13 50 48 
-5 13 76 77 
-3 13 77 83 
-1 13 70 70 
+1 13 39 43 
3 13 28 32 
5 13 25 23 
-14 14 29 26 
-12 14 <31 14 
-10 14 46 50 
-8 14 44 42 
-6 14 64 63 
-4 14 54 58 
-2 14 63 67 
0 14 53 57 
2 14 24 24 
4 14 24 27 
-11 15 23 27 
-9 15 49 50 
-7 15 31 35 
-5 15 64 69 
-3 15 37 42 
-1 15 55 56 
+1 15 30 29 
3 15 26 25 
-10 16 38 38 
-8 16 30 32 
-6 16 43 42 
-4 16 52 54 
-2 16 42 47 
0 16 37 43 
-9 17 33 32 
-7 17 23 25 
-5 17 55 55 
-3 17 23 31 
-1 17 50 51 
+1 17 16 20 
-10 18 24 23 
-8 18 25 26 
-6 18 41 38 
-4 18 36 34 
-2 18 24 29 
0 18 32 31 
-9 19 24 19 
-7 19 33 32 
-5 19 24 26 
-3 19 33 32 
- l 19 16 18 
-8 20 24 21 
-6 20 28 28 
-4 20 26 22 
-2 20 23 27 
-7 21 26 28 
-5 21 <28 13 
-3 21 26 29 
-4 22 25 18 
1 = 9 
-15 1 <29 6 
-13 1 <27 -5 
- 1 1 1 <26 -10 
-9 1 <25 16 
-7 1 <24 3 
-5 1 <24 21 
-3 1 <24 -8 
- l 1 30 24 
+1 1 <36 -23 
3 1 <26 +7 
5 1 <27 -2 
7 1 <22 +2 
-16 2 <26 1 
-14 2 <27 7 
-12 2 <28 -10 
-10 2 <27 12 
-8 2 <24 - 5 
-6 2 26 24 
- 4 2 <26 -13 
- 2 2 26 27 
0 2 24 -20 
2 2 <28 +12 
4 2 <26 +7 
6 2 <26 +0 
-15 3 <24 15 
-13 3 <23 - 1 1 
-11 3 <20 11 
-9 3 <23 4 
- 7 3 <23 - 4 
-5 3 29 36 
-3 3 25 - 3 1 
- 1 3 23 30 
+1 3 <22 -14 
3 3 25 +26 
5 3 < 24 - 1 
0 lr " 1 
0 6 21 -17 
1 = 10 
-16 0 - 1 1 
- 104 -
TABLE V I I -continued 
1 = 10 
-14- 0 <24- 2 
-12 0 24 -17 
-10 0 <24 - 1 
-8 0 <21 7 
-6 0 21 -13 
- 4 0 27 25 
-2 0 <24 -12 
0 0 <24 -7 
2 0 <24 -9 
4- 0 <23 4 
-15 l <32 -13 
-13 1 <27 13 
-11 1 39 - 4 1 
-9 1 <31 18 
-7 1 <25 -7 
-5 1 <25 5 
-3 1 <25 8 
- 1 1 <31 -7 
+1 1 <29 5 
3 l <30 -9 
5 1 <28 5 
-16 2 23 -8 
-14 2 <27 0 
-12 2 <26 - 1 1 
-10 2 <28 -18 
-8 2 <25 6 
- 6 2 <31 -16 
- 4 2 31 33 
-2 2 <27 -13 
0 2 <28 12 
2 2 <26 -9 
4- 2 <27 3 
-15 3 <24 -7 
-13 3 <24 - 6 
- 1 1 3 <23 -6 
-9 3 <22 0 
-7 3 <22 -6 
-5 3 <25 10 
-3 3 <22 1 
3 3 <24 -5 
5 3 <24 0 
-5 5 <25 6 
1 = 11 
-17 1 —.^  -1 
-15 1 <26 -3 
-13 1 <27 -1 
-11 1 <26 -5 
-9 1 <26 +7 
-7 1 <32 -10 
-5 1 <26 14 
-3 1 <26 -13 
-1 l .<29 2 
+1 1 <27 +•1 
3 1 <26 -1 
-16 2 <25 -6 
-14- 2 <27 1 
-12 2 <26 -9 
-10 2 <26 +8 
-8 2 <28 - 6 
- 6 2 <28 -12 
-4- 2 <28 +9 
-2 2 • 26 -24 
0 2 <29 15 
2 2 <29 -8 
4 2 <28 +3 
-17 3 <23 -2 
-15 3 <24 -7 
-13 3 <24 3 
-11 3 <23 -11 
-9 3 <23 12 
-7 3 27 -28 
-5 3 <23 12 
-3 3 27 -28 
-1 3 <23 4 
+1 3 <24 +2 
3 3 <24 +0 
5 3 <23 +1 
1 = 12 
-16 0 24 27 
-14 0 24 18 
-12 0 81 74 
-10 0 56 51 
-8 0 109 105 
-6 0 75 78 
- 4 0 74 74 
-2 0 61 59 
0 2 42 42 
2 2 31 33 
-15 1 31 20 
-13 1 49 45 
- 1 1 1 62 62 
-9 1 75 76 
-7 1 92 92 
-5 1 73 77 
-3 1 71 74 
- 1 1 40 38 
+1 1 52 48 
3 1 29 19 
-16 2 29 24 
-14 2 37 27 
-12 2 67 61 
-10 2 62 57 
-8 2 97 93 
-6 2 68 74 
-4 2 83 82 
-2 2 57 59 
0 2 41 39 
2 2 35 34 
4 2 23 14 
-17 3 24 17 
-15 3 30 26 
-13 3 47 43 
- 1 1 3 56 56 
-9 3 76 74 
- 7 3 90 93 
-5 3 61 66 
-3 3 67 73 
- 1 3 43 49 
+1 3 36 38 
3 3 24 18 
-6 4 72 75 
-6 6 76 78 
-6 8 72 75 
-6 10 59 61 
-6 12 42 41 
-6 14 34 29 
-6 16 ' 27 21 
-6 18 27 20 
1 = 13 
-15 1 <27 - 2 
-13 1 <29 7 
- 1 1 1 <30 -6 
-9 1 <30 4 
-7 1 <30 2 
-5 1 <30 - 2 
-3 1 <30 - 4 
- l 1 <29 - 0 
+1 l <27 +3 
-16 2 <26 - 2 
2 <26 3 
-12 2 <27 8 
-10 2 <38 -9 
-8 2 <27 18 
- 6 2 <27 -15 
- 4 2 <27 9 
- 2 2 <27 6 
0 2 <26 2 
2 2 <25 - 1 
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TABLE V I I - continued 
l = 13 
-15 3 <24 - 4 
-13 3 <24 16 
- 1 1 3 <24 - 1 1 
-9 3 <24 17 
-7 3 <24 «6 
-5 3 <24 -3 
-3 3 <24 16 
- l 3 <24 - 2 
+1 3 <24 *5 
l = 14 
-14 0 — -6 
-12 0 <23 - 1 
-10 0 <21 0 
-8 0 <22 1 
-6 0 <22 1 
- 4 0 <2JJ> - 1 1 
-2 0 22 16 
-13 1 <28 -8 
- 1 1 l <29 11 
-9 1 <3© -14 
-7 1 <26 14 
-5 1 <30 -12 
-3 1 <29 6 
- l 1 <28 3 
-14 2 <28 -7 
-12 2 <29 2 
-10 2 <27 - 1 
-8 2 <27 - 1 
-6 2 <27 2 
- 4 2 <27 - 4 
-2 2 <26 7 
0 2 <25 -3 
-15 3 <23 - 4 
-13 3 <24 -5 
- 1 1 3 <24 2 
-9 3 <24 -3 
- 7 3 <24 3 
-5 3 <24 0 
-3 3 <24 2 
- 1 3 <24 2 
+1 3 <23 0 
1 : = 15 
-13 1 <27 - 2 
- 1 1 1 <28 2 
-9 1 <29 -6 
-7 1 <29 1 
-5 1 <29 - 0 
-3 1 <27 - 0 
- 1 1 <23 - 1 
-14 2 <25 -8 
-12 2 <26 5 
-10 2 <26 -8 
-8 2 <27 - 0 
-6 2 <27 - 1 
- 4 2 <26 2 
-2 2 <27 - 1 
0 2 <23 -3 
-15 3 <23 - 4 
-13 3 <24 -5 
- 1 1 3 <24 4 
-9 3 <24 -15 
-7 3 <24 6 
-5 3 <24 -3 
-3 3 <24 4 
- l 3 <23 -5 
1 : = 16 
-16 0 19 
-14 0 — 25 
-12 0 29 26 
-10 0 51 44 
-8 0 25 20 
-6 0 52 44 
-13 1 31 24 
- 1 1 1 40 36 
-9 1 37 34 
- 7 1 32 29 
-5 1 40 37 
-16 2 23 17 
-14 2 36 25 
-12 2 36 27 
-10 2 40 39 
-8 2 38 29 
-6 2 54 36 
- 4 2 27 24 
-15 3 25 22 
-13 3 27 25 
- 1 1 3 37 33 
-9 3 30 31 
-7 3 35 36 
-5 3 30 28 
-8 4 43 39 
-8 6 45 ^0 
-8 8 36 33 
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DISCUSSION OF THE STRUCTURES OF THE COPPER AND SILVER COMPLEXES 
COMPARISON OF THE TWO STRUCTURES 
There are s i m i l a r i t i e s between the s t r u c t u r e s o f the 
Copper and the s i l v e r complexes. F o r m a l l y , the s i l v e r 
compotmd i s "bu i l t up of ["(Me^P^Ag] + and l i n e a r [(PhC=C-)gAgj 
u n i t s a l t e r n a t i n g along i n f i n i t e cha ins . Ag2 i s 'bonded t o 
two phosphorus atoms, w i t h the angle P-Ag2-P" equal t o 
1 1 8 ° , and i n t e r a c t i o n w i t h two e thyny l groups o f d i f f e r e n t 
(PhC»C-)gAg] ~ u n i t s completes a t e t r a h e d r a l arrangement 
around Ag2. 
One can regard the copper compound as "bu i l t up f rom 
[(Me^P)gCiiJ + and {(PhCsC-)pCu] ~ u n i t s i n an analogous way, 
except t h a t these l a t t e r u n i t s are not l i n e a r , as i n the 
s i l v e r compound. I n t h i s case, i t i s e t h y n y l groups o f 
the sarne [(PhC^C- ) nCu] ~ u n i t t h a t complete a t e t r a h e d r a l 
arrangement around Cu2. The u n i t s are j o i n e d I n p a i r s 
to fo rm te t ra iners byc-r-bonds between Cul and C9'-C10' and 
C u l ' and C9-G10, w i t h these e t h y n y l groups adopt ing a t r a n s 
c o n f i g u r a t i o n , as in. the f i r s t e x c i t e d s t a t e o f ace ty lene . 
( I n g o l d and King 1953). 
To regard the copper complex i n t h i s way "brings out the 
s i m i l a r i t y w i t h the s i l v e r compound, but i t i s also 
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p o s s i b l e t o consider the s t r u c t u r e as b u i l t up f rom two 
k inds o f PhC=CCu u n i t s . I n the f i r s t k i n d , the e t h y n y l 
group C1-C2 i s l i n e a r , w h i l e i n the second k i n d , the 
e t h y n y l group C9-C10 adopts a c i s c o n f i g u r a t i o n , as i n the 
complex o f c o p p e r ( l ) c h l o r i d e w i t h d ime thy l ace ty lene . 
(Car ter and Hughes, 1957). However, the p o s s i b i l i t y t h a t 
the uncouple seed a c e t y l i d e s , PhC*CM, are b u i l t up f rom M + 
and [(PhCsC- )r$\ ~ u n i t s i s on i n t e r e s t i n g one. 
TH5 INTERACTIOH OF Cul and A g l WITH ETHYMYL GROUPS 
One of the c h i e f d i f f e rence . ; between the s t r u c t u r e s o f 
the copper and s i l v e r complexes i s the f o r m a t i o n o f a 
symmetrical (Trf-bond between Cul and C9 , -C10' i n the copper 
compound. The copper-carbon d i s tances , S.06 and 2 , 0 9 A . , 
are s i m i l a r t o the meta l -carbon dis tances i n i r - b o n d e d 
systems of i r o n and c o b a l t , which are u s u a l l y around 2 . 1 A . , 
( e . g . i n f e r r o c e n e , 2 . 0 5 A . , D u n i t z , Orgel and R i c h , 1956; 
i n t r i ca rbony l i ronbx . i t ad i ene , 2 . 1 A . , M i l l s and Robinson, 
1960; and re ferences i n the i n t r o d u c t i o n ) , and i n the 
cyclot tc tadiene complex o f r h o d i u m ( l ) c h l o r i d e , (2 .12A 1.), and 
i n t e t r ame thy lcyc lobu tad iene n i c k e l ( l l ) c h l o r i d e , (2,02A1.) 
( I b e r s and Snyder, 1962; Duni tz et a l . , 1962). The 
p 
e thyny l group i s i n the plane of the s p J h y b r i d i s e d o r b i t a l s 
of C u l , which i s d i f f e r e n t t o the arrangement i n the o l e f i n 
complexes of pa l l ad ium and p l a t i n u m , where the double bond 
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i s pe rpend icu la r t o the plane of the dsp h y b r i d i s a t i o n . 
I f the "bonding i s of the <frr-type discussed i n the 
i n t r o d u c t i o n , the T T - b o n d i n g must use a d - o r b i t a l i n 
2 
the plane o f the sp' h y b r i d i s e d o r b i t a l s , r a t h e r than, a 
2 
dp h y b r i d o r b i t a l u s ing the unoccupied p - o r b i t a l on. C u l , 
s ince t h i s o r b i t a l i s pe rpend icu la r t o the p lane o f the 
bonding. The bond d i s t ance f o r the carbon^ carbon, t r i p l e 
bond i s very near the usua l v a l u e , which i s unusual , i n v iew 
of the ex tens ion o f the double or the t r i p l e bond o f t e n found 
i n o l e f i n or acetylene complexes, and i n v iew of the 
d i s t o r t i o n o f the angle C9-C10-C11. E v i d e n t l y the c o n j u g a t i o n 
i n the p h e n y l e t h y n y l , system i s not g r e a t l y reduced by the 
d i s t o r t i o n , as the l e n g t h o f the bond C10-G11 i s not 
s i g n i f i c a n t l y grea ter than t h a t o f C2-C3. 
I n the copper compound, the e thyny l group C9-C10 l i e s 
more or l e ss symmet r ica l ly w i t h respect t o the copper atoms 
Cul and Cu2, w i t h angles Cul-C9-C10 and Cu2~C9-C10 of 
152° and 136° r e s p e c t i v e l y , and C9 almost e q u i d i s t a n t f r o m 
the copper atoms, Cul-C9 and C'u2-C9 be ing 2.07 and 2 . 1 l £ v equal 
w i t h i n exper imenta l e r r o r . C9 would seem to be bonded 
equa l ly t o Cul and Cu2. The system i s very s i m i l a r to the 
e l e c t r o n d e f i c i e n t compounds of b e r y l l i u m , boron and 
aluminium, where amine n i t r o g e n or methyl carbon atoms act 
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as b r i d g i n g groups. The angle Cul-C9-0u2 i s 78" , 
s i m i l a r t o the B-I7-B angle o f 7 6 ° i n aroinoditeorane, and the 
angles o f 6 6 ° and 70° r o r Be-O-Be and A l - C - A l I n 
dimethylteer y 11 ium and t r i m e t h y l a l u r n i n i u m . (Hedteurg and S t o s i c k , 
195S; Snow and Rundle, 1951; Lev/is and Rundle, 1953) . The 
Be . . .Be and A 1 . . . A 1 d i s tances i n the l a s t two compounds are 
2.10 and 2 . 5 6 j L r e s p e c t i v e l y , considerately shor te r than the 
d i s tances i n "beryl l ium and aluminium m e t a l , which are 2.23 and 
2.29fl,and 2 . 8 6 A . The d i s t ance Cul-Cu2 i n the present 
compound i s Q.liL shor te r than i n the m e t a l , cons i s t en t 
w i t h some meta l -me ta l Ponding due to a t h r e e - c e n t r e d Pond. 
Bond lengths t o b r i d g i n g atoms appear t o be u s u a l l y 0 . 1 - 0 . 2 $ . 
grea te r than the normal Pond l e n g t h s . Here the Cu-C 
dis tances are 0.11 and 0 . 1 5 £ . g rea te r than C u l - C l , a l though 
some of the d i f f e r e n c e may be due to rT-bond ing between C u l , 
and C I . They are , however, very l i t t l e g rea te r than the sum 
of the t e t r a h e d r a l covalen t r a d i u s f o r c o p p e r ( l ) and the 
covalent r a d i u s f o r carbon i n the sp h y b r i d i s e d s t a t e . (2 .05$ . ) . 
I n the e l e c t r o n d e f i c i e n t compounds mentioned above, there 
are two e l ec t rons a v a i l a b l e t o form the th ree -cen t r ed bond, and 
s i m i l a r l y i n t h i s case, i f we consider the bonding separa te ly 
f rom the Sfi -bonding o f C u l ' t o C9-C10, there are j u s t two 
e l ec t rons a v a i l a b l e . I t i s convenient , t h e r e f o r e , t o 
consider the system C u l , C9, Cu2 as a b r i d g e s t r u c t u r e . 
I n p r a c t i s e , there may w e l l be cons iderable d e l o c a l i s a t i o n o f 
e l ec t rons over C9-C10 and the three copper atoms Qu2, C u l , 
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and C u l 1 . 
The p o s s i b i l i t y of ' end-on ' i r -bond ing i n the complexes 
s tud ied i s o f i n t e r e s t . Experiments by Cass, Coates and 
Hayter , (1954) , and by Arh land and Chat t , (1955) , seem t o 
i n d i c a t e t h a t the tendency f o r TT -bond f o r m a t i o n i s s t rong 
enough to make a t r i g o n a l c o o r d i n a t i o n around C u ( l ) and 
A g ( l ) p r e f e r r e d i n bonding to t e r t i a r y phosphines, r a t h e r 
than the usua l t e t r a h e d r a l c o o r d i n a t i o n . The t r i g o n a l 
c o o r d i n a t i o n found i n the complex cyanides o f c o p p e r ( l ) cou ld 
be due to a s i m i l a r reason. However, 17 -bonding i s sa id 
not t o occur t o any great ex ten t i n the cyanide complexes, 
( G r i f f i t h , 1962, p . 190, and r e f s . g iven t h e r e ) and Nyholm, 
(1961 , p . 282) takes the view t h a t 77-bonding i n complexes 
10 
w i t h the d c o n f i g u r a t i o n i s r e l a t i v e l y uncommon. 
Any 7T-bonding i n cyanides , or i n e thyny l compounds, would 
reduce the meta l -carbon bond l e n g t h , but i t i s d i f f i c u l t t o 
be sure what the s i n g l e bond l eng ths should be i f no J7-bonding 
occurred . I n the present compounds, there would appear 
to be at l e a s t some evidence o f bond sho r t en ing , p a r t i c u l a r l y 
i n the go ld compound. 
TEE INTERACTION OP CuS and Ag2 WITH IJTHYHYL GROUPS 
There appears t o be evidence f o r an ob l ique form of 
side-on bonding of e t h y n y l groups i n the copper and s i l v e r 
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compounds. Such bonding i s c l e a r e s t i n the s i l v e r compound, 
where the angle of 118° f o r P-Ag2~P" seems d i f f i c u l t t o 
e x p l a i n , i f there i s no bonding between Ag2 and the e t h y n y l 
groups C1-C2 and C l " -C2 ! l . Oblique bonding between Cu2 and 
the e thyny l group C1-C2 i n the copper compound i s Invoked 
by analogy, because i n t h i s case t o o , the bonding completes, 
a t e t r a h e d r a l arrangement around Cu2. The bond angles 
Cu2-Cl-C2 and Ag2-Cl-C2 are 117° and 1 0 2 ° , and the copper-
and s i l v e r - c a r b o n bond l eng th s are 2.22 ^nd 2.97&. and 2.55 
and 3 . 0 4 i L r e s p e c t i v e l y , w i t h the d i s tances to the 
midpo in t s o f the e t h y n y l groups 2.60 and 2 . 8 0 A . The 
corresponding angles f o r Cul and A g l are c lose t o 1 8 0 ° , 
and the meta l -carbon d i s tances Cu l -CI equal, t o 1.96A, and 
A g l - C I equal t o 2 . 0 4 A . , so t h a t i t seems n a t u r a l t o consider 
the "bonding o f the e t h y n y l groups t o Cul and A g l separa te ly 
f rom the bonding to Cu2 and Ag2. 
The i n f r a red s t r e t c h i n g f r equenc ie s f o r the e t h y n y l 
~ i 
groups are 2019 and 2045 cm. i n the copper compound, and 
2075 c m . - 1 i n the s i l v e r compound. (Coates and P a r k i n , 1961). 
_ i 
These values are l e ss than the va lue of 2122 cm. i n the 
gold compound (Coates and P a r k i n , 1962), where no 
' s i d e - o n ' bonding occurs , i n d i c a t i n g some e l e c t r o n i c e f f e c t 
over and above t h a t due to end-on "bonding t o meta l atoms 
f o r the e t h y n y l group i n the s i l v e r compound, and f o r 
both the e t h y n y l groups i n the copper compound. 
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Strong TT-"bonds can "be formed with only two li g a n d s 
"by an atom i n tetrahedral c o o r d i n a t i o n . ( K i m b a l l , 1940; 
Arhland and Chatt, 1955). r r-bonding t o the phosphorus atoms 
i s i n d i c a t e d f o r Doth Cu2 and Ag2 "by the shortening of the 
metal-phosphorus bond, and by the valence angles at the 
phosphorus atoms, so t h a t TT-bonding to the ethynyl groups 
would be weak, TT-donation t o the ethynyl group would also 
be hindered by the r e s i d u a l negative charge on the e t h y n y l 
groups r e s u l t i n g from the end-on bonding t o copper or 
s i l v e r . From the view of 'side-on' <frr-bonding given i n the 
i n t r o d u c t i o n , the symmetrical arrangement would be due 
mainly t o the p r i n c i p l e of maximum overlap i n the f o r m a t i o n 
of the TT-type bond, and i f there were very l i t t l e tr^-"bonding 
the symmetry might be l e s s e s s e n t i a l . The e a s i l y deformed 
bond could then become oblique due t o s t e r i c f a c t o r s , 
depending on the requirements of other bonds. The larger 
values of the metal-carbon distances are i n agreement w i t h 
the weaker bonding. 
.TJnsymmetrical 'side-on' bonding i s reported i n the 
styrene complex of p a l l a d i u m ( I I ) c h l o r i d e . (Dempsey and 
Baenziger, 1955; 1961). The angle between the d i r e c t i o n 
of the double bond, and the l i n e j o i n i n g the palladium 
atom t o the centre of the double bond i s 70°. The 
analogous angles i n the present case are 51° f o r the copper 
compound, and 66° i n the s i l v e r compound. 
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THE STRUCTURE OP PKEMYLETHYHYL( I SOPROPYLAMIKB)GOLD(I ) 
INTRODUCTION 
The amine complexes of phenylethynylgold(I) are associated 
i n s o l u t i o n , w i t h 71=3-4, i n co n t r a s t t o the phosphine 
complexes, which are monomeric. The p o s s i b i l i t y of metal-
ethynyl group i n t e r a c t i o n of the 'side-on' type, g i v i n g the 
gold atom a coordination, number of more than two, made 
the study of an amine complex of especial i n t e r e s t . Coordina-
t i o n t o more than two liga n d s i s unusual f o r g o l d ( l ) . 
•The isopropylamine complex presented the simplest 
problem for d e t a i l e d a n a l y s i s , hut was too insoluble i n 
"benzene t o obtain molecular weights, or t o estimate d i e l e c t r i c 
constants. Confirmation t h a t t h i s compound had 'basically 
the same s t r u c t u r e as the more soluble higher amine complexes 
was obtained "by comparison of the u n i t c e l l dimensions of 
three of the complexes, and from s i m i l a r i t i e s i n t h e i r X-ray 
d i f f r a c t i o n p a t t e r n s . The space groups and unit c e l l 
dimensions of the complexes were: 
1PrNH0AuC»CPh Pccn a=17.9 0=17.2 c=7.2 Z=8 
nC 5H 1 1NH gAuCBCPh PS-j/c. a=22.0 b=17.0 c=7.2 J? =98° Z=8 
nC gH 1 9NH sAuCsCPh Pccn a=29.2 b=17.0 c=7.2 Z=8 
The 'b' and 'c' axes have almost the same l e n g t h , and 
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presumably the d i f f e r e n c e s i n the lengths of , a t axes are 
"because the hydrocarbon chains extend along t h i s d i r e c t i o n . 
EXPERIMENTAL 
CRYSTALS 
The compound can he c r y s t a l l i s e d from acetone as, white 
needles, r e l a t i v e l y s t a b l e t o a i r , but s e n s i t i v e to l i g h t , 
and d e t e r i o r a t i n g r a p i d l y on exposure t o X-radiation. 
A f t e r 20-30 hours exposure, the r e f l e c t i o n s obtained from 
a c r y s t a l were generally d i s t o r t e d , and i n some cases the 
c r y s t a l i t s e l f had become deformed. A c r y s t a l selected 
from f r e s h l y r e c r y s t a l l i s e d m a t e r i a l was used f o r each X-
ray photograph, and no c r y s t a l was used a f t e r exposure f o r 




Orthorhombic; needles elongated i n the d i r e c t i o n of 'c'. 
a = 17.924 b = 17.149 c = 7.222A. 
U = 222o£.3 Z = 8 formula u n i t s 
D = 2.08 D„ = 2.14 gm/cm.3 p(000) = 1328 el e c t r o n s 
If! -/L 
Absorption c o e f f i c i e n t t o r CuKA r a d i a t i o n , ym - 245 cm 
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Re f l e c t i o n s observed; h k l 
hkO Old 
hOl 
No co n d i t i o n s 
h + k = 2n 
1 = 2n 
1 = 2n 
The space group i s t h e r e f o r e uniquely determined as Pccn, ( D ^ ) , 
no. 56 i n the I n t e r n a t i o n a l Tables f o r Crystallography. 
The u n i t c e l l dimensions 'a' and 'b' were obtained from 
a Weissenberg photograph of the (hko) l a y e r , c a l i b r a t e d w i t h 
sodium c h l o r i d e powder l i n o s . The p o s i t i o n s of 83 high angle 
r e f l e c t i o n s were measured, making use of resolved K^L and K*r> 
r e f l e c t i o n s , and a l e a s t squares method was used t o o b t a i n 
'a' and 'b'. Most of the hi g h order r e f l e c t i o n s observed 
had much gre a t e r values of h than of k, so t h a t 'b' was 
determined l e s s accurately than 'a'. The value of ' c' was 
determined from a r o t a t i o n photograph, c a l i b r a t e d by means 
of some of the high order r e f l e c t i o n s . The c a l c u l a t e d 
standard d e v i a t i o n s i n the values of 'a', '"b1, and ' c' were 
0.002, 0.018, and 0.009.2.. r e s p e c t i v e l y . The t r u e u n c e r t a i n t i e s 
are probably around 0.1$ f o r 'a' and • c ' , and 0.3% f o r 'b'. 
The d e n s i t y was determined by f l o t a t i o n i n a concentrated 
s o l u t i o n of zinc bromide. The 3% d i f f e r e n c e between 
ca l c u l a t e d and observed d e n s i t i e s may be due to i n s u f f i c i e n t 
w e t t i n g of the c r y s t a l s . 
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COLLECTION OP IHTBNSITIES 
Three-dimensional data were obtained on layers with. 1 = 0-5 
by e q i i i - i n c l i n a t i o n IVeissenberg techniques, using u n f i l t e r e d 
copper r a d i a t i o n . I t was found d i f f i c u l t t o ob t a i n good 
photographs by the precession method. The (okl) and (hoi) 
r e f l e c t i o n s obtained hy t h i s method were used i n c a l c u l a t i n g 
the p r o j e c t i o n s of the Patterson f u n c t i o n along the 'a' and 
'b' axes, but w i t h the exception, of the (002) and (004) 
r e f l e c t i o n s , were not included in. the subsequent refinement. 
The i n t e n s i t i e s of the YLJi r e f l e c t i o n s were estimated 
M s u a l l y , by comparison w i t h a c a l i b r a t e d scale made using 
r e f l e c t i o n s from a very small c r y s t a l of hydroquinone. On 
average, the i n t e n s i t y of each r e f l e c t i o n was estimated on 
three f i l m s w i t h i n each s e r i e s . 
- The m u l t i p l e f i l m technique was used, the f i l m s being 
packed without i n t e r l e a v i n g black paper. Mean f i l m r a t i o s 
were measured f o r each l a y e r , and the values adjusted so 
t h a t the v a r i a t i o n w i t h equi-inclination angle, v , roughly 
f i t t e d the curve 
where R i s the r a t i o f o r the zero l a y e r , R i s the r a t i o 
In ( % . Ksec 0 
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f o r l a y e r n, and yat i s a constant, taken as 1.0 ( G r e n v i l l e -
Wells, 1955). The values observed, and those used, are 
given i n t a b l e I . 
TABLE I . Film Ratios f o r Copper Radi a t i o n , without 
i n t e r l e a v i n g black paper. 
v^ Observed Used 
hkO 0 5.10 3.05 
6.1 
h k l 5.17 3.11 
hk2 12.3 3.08 3.14 
hko 18.6 3.34 3.30 
hk4 25.2 3.14 3.27 
hk5 32.1 3.46 3.55 
The (hk4) r e f l e c t i o n s were much extended, and t h i s may 
account f o r the low value observed f o r the f i l m r a t i o . I n 
t h i s case, a lower'value was adopted. 
Intensity estimations were made on the extended r e f l e c t i o n s , 
except f o r the (hk2) r e f l e c t i o n s , and those used f o r 
c o r r e l a t i o n . Barpirical c o r r e c t i o n s f o r spot extension 
were a p p l i e d . The extensions were i r r e g u l a r , and v a r i e d 
with, w as w e l l as w i t h 0 . The range of the spot extension 
v a r i e d from 35$ f o r the (hko) r e f l e c t i o n s , t o 500$ f o r the 
(hk4) r e f l e c t i o n s . 
The usual Lorentz and p o l a r i s a t i o n c o r r e c t i o n s were 
applied, "but no c o r r e c t i o n was made f o r absorption. I n a l l , 
1032 independent r e f l e c t i o n s were observed. The sizes of 
the c r y s t a l s used are given i n t a b l e I I . With these c r y s t a l s , 
jx t v a r i e d between 0.4-0.8, and the extreme e r r o r i n the 
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The C r y s t a l s Used to Record the Data. 


















48 (Same c r y s t a l 





The i n t e n s i t i e s were placed on. the same r e l a t i v e scale 
by t a k i n g moving f i l m photographs of two or more l e v e l s on 
d i f f e r e n t p a r t s of the same f i l m . The f i r s t and l a s t 
exposures on each f i l m were always of the zero l a y e r , i n order 
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to check on any decomposition of the c r y s t a l s d u r i n g 
exposure. I n two of the cases, the I n t e n s i t i e s decreased 
by about 10$ during the exposure. The random e r r o r i n 
the scale f a c t o r s f o r the i n t e n s i t i e s was estimated t o be 
about 4%, but appreciable systematic e r r o r s may occur. 
STRUCTURE DETERMINATION 
POSITION OF THE GOLD ATOM 
The p o s i t i o n of the gold atom was found by i n s p e c t i o n 
of the Patterson f u n c t i o n i n p r o j e c t i o n along the c r y s t a l 
axes. I n these p r o j e c t i o n s , the Patterson f u n c t i o n i s 
equally s a t i s f i e d by gold atoms i n p o s i t i o n s ( x , y, z) 
and ( x , y, -L-z;). However, i t was pos s i b l e t o obtain, the 
coordinates unambiguously when the three-dimensional data 
became a v a i l a b l e . Indeed, good estimates of each of the 
gold atom coordinates can be obtained simply by i n s p e c t i o n 
of the i n t e n s i t i e s . 
F i r s t , there were marked f r i n g e p a t t e r n s i n the 
r e c i p r o c a l l a t t i c e . R e f l e c t i o n s w i t h 1 = 0,2,4, were ve-ry 
weak when k = 3,8, and 14, while r e f l e c t i o n s w i t h 1 = 1,3,5, 
were very weak when k = 5-6, and 11. For space group 
Pccn, the geometrical p a r t i n the expression f o r the 
s t r u c t u r e f a c t o r always contains the term cos2rrky when k + 1 i s 
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even, and the term sin2 ley when k + '1 i s odd. Since the 
'{old atom w i l l make an overwhelming c o n t r i b u t i o n t o the 
magnitudes of the observed s t r u c t u r e f a c t o r s , i t s y-coordinate 
must be such t h a t cos2n8y, cos2f?14y, cos2n5y, c o s 2 i r l l y , sin2ti3y, 
and sin2tr6y are each very small. These c o n d i t i o n s give 
an average value of 0.160 f o r the y-coordinate f o r the gold 
at orn. 
Secondly, r e f l e c t i o n s w i t h h + k even were almost absent 
when 1,= 5, and were weak when 1 = 4 . When 1 = 1 r e f l e c t i o n s 
w i t h h + k odd were weak. The expression f o r the s t r u c t u r e 
f a c t o r contains the term cos2n I z when h + k i s even, and 
sin2trlz when h + k i s odd, and the z-coordinate f o r the 
gold atom must be such t h a t cos2n5z i s approximately zero, 
and cos2«r4z and sin2tiz are both small. This, gives the 
z-coordinate as 0.0-5. 
T h i r d l y , r e f l e c t i o n s w i t h 1. odd are generally much weaker 
than those w i t h i even, i n d i c a t i n g t h a t the ' c' axis i s 
halved f o r the gold atom. V/ith these y- and z-coordinates 
the x-coordinate of the gold atom must be near 0.25. The 
r e l a t e d p o s i t i o n s (x,y,z) and (i-x,y,-g-+z) then become 
(i»y»z) and ( i , y , | + z ) , and so on. 
The coordinates obtained by the Patterson method are 
compared w i t h those a r r i v e d at by i n s p e c t i o n , and w i t h the 
f i n a l coordinates, i n t a b l e I I I . The gold atoms are 
arranged i n p a i r s of i n f i n i t e zig-zag chains along the ' c' 
a x i s , w i t h gold-gold distances of 3.o£. between chains, and 
3.7 £. along chain s. 
TABLE I I I . Coordinates of the Gold Atom. 
x/a y/b z/c 
By i n s p e c t i o n : 0.25 0.160 0.05 
By Patterson methods: 0.222 0.158 0.051 
P i n a l Coordinates: 0.225 0.158 0.048 
POSITIONS OP THE LIGHT ATOMS 
The coordinates of the gold atom were r e f i n e d through one 
cycle of l e a s t squares,refinement.using a r b i t r a r y i n i t i a l 
-values f o r scale and temperature f a c t o r s . Structure f a c t o r s 
were c a l c u l a t e d on the basis of the r e f i n e d parameters, 
(R = 0.23), and were used to c a l c u l a t e an ( P Q - P C ) synthesis. 
The f u n c t i o n was evaluated at i n t e r v a l s of 0 . 3 o £ . i n the ' x' 
d i r e c t i o n , (a/60), 0.2s£. i n the ' y' d i r e c t i o n , (b/60), and 
0..36&. i n the 'z' d i r e c t i o n , ( c / 2 0 ) . 
The p o s i t i o n s of a l l the l i g h t atoms were c l e a r l y I n d i c a t e d , 
and the mean height of the peaks re p r e s e n t i n g t e n of the 
o 3 
carbon atoms was 4.2 B/A'; The peak he i g h t s f o r the two atoms 
attached t o the gold atom were e x c e p t i o n a l l y l a r g e , being 
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9.3 e f o r the carbon atom, and 7.3 e/£? f o r the n i t r o g e n 
atom. There were two spurious peaks i n the e l e c t r o n density 
distr i b u t i o n r e l a t e d to the p o s i t i o n of the gold atom by 
c 
t r a n s l a t i o n s of /5, and the e l e c t r o n d e n s i t y around 
the gold atom gave evidence of a n i s o t r o p i c thermal motion. 
Apart from these regions the oackground e l e c t r o n d e n s i t y 
was w i t h i n the l i m i t s -2.0 t o +2.5 e/Ju 
REFINEMENT 
The introduction of the l i g h t atom contributions to the 
s t r u c t u r e f a c t o r s improved the agreement t o S = 0.125. The 
s t r u c t u r e was r e f i n e d through one cycle of l e a s t squares using 
i s o t r o p i c temperature f a c t o r s , and then through two f u r t h e r 
cycles i n which the gold atoms were given a n i s o t r o p i c 
temperature f a c t o r s . These were f o l l o w e d by f o u r cycles i n 
which a l l the atoms were given a n i s o t r o p i c temperature 
f a c t o r s . The f a c t o r R was 0.073 at t h i s stage. The 
a n i s o t r o p i c refinement of the l i g h t atoms occasioned 
several s h i f t s of 0.02-0.03A. i n the atomic coordinates. 
A check was now made on the r e l a t i v e s c a l i n g of the 
l a y e r . The values obtained were 1.04, 0.98, 1.02, 0.91, 0.97, 
and 1.07 f o r 1 = 0,1,2,3,4,5 r e s p e c t i v e l y . The s c a l i n g f o r 
two of the l a y e r s appeared t o "be i n e r r o r by more than 5%. 
The above f a c t o r s were used t o rescale the l a y e r s , and the 
l a y e r s by c a l c u l a t i n g mean values of f o r each 
s t r u c t u r e was r e f i n e d through two f u r t r r 
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r e s c a l i n g the la y e r s a f t e r each cy c l e . There were coordinate 
s h i f t s of up t o 0.022. ( f o r C7) durin g these two cyc l e s , hut 
the main e f f e c t was t o improve the agreement t o R = 0.064, 
and t o imp-rove the estimated standard d e v i a t i o n s . The 
mean s h i f t i n coordinates d u r i n g the f i n a l cycle was 0.0025$., 
w i t h a maximum s h i f t of 0.0072$., and only two parameter s h i f t s 
were more than a h a l f of the corresponding estimated standard 
d e v i a t i o n s . The change i n the o v e r a l l scale f a c t o r during 
the f i n a l cycle was 0.3$, and changes i n s c a l i n g f o r the 
various l a y e r s were a l l l e s s than 1-gfS. 
F i n a l l y , an (P 0~F c) synthesis was c a l c u l a t e d , i n which 
the F were the s t r u c t u r e f a c t o r s c a l c u l a t e d d u r i n g the 
f i n a l c y c l e . Near the gold and the nitrogen atoms, 
there were regions of e l e c t r o n d e n s i t y 1-2 e/ju i n the form 
of ridges extending i n the d i r e c t i o n of 'c'. Over the r e s t 
of the u n i t c e l l , the e l e c t r o n d e n s i t y was always between 
-0.6 and +0.7 e/£? Of 12-13 s i t e s where the e l e c t r o n d e n s i t y 
was greater than 0.4.e./$? 10 were i n p o s i t i o n s expected f o r 
hydrogen atoms. 
The refinement i s summarised i n t a b l e i v , which also 
gives d e t a i l s of the l e a s t squares weig h t i n g . The 
weighting a n a l y s i s a f t e r the f i n a l cycle i s given i n t a b l e V. 
The values of w l & l f a l l o f f n o t i c e a b l y w i t h s i n 6 / x and 
wi t h | Pol 
The s c a t t e r i n g f a c t o r s f o r carbon and n i t r o g e n were those 
given "by Berghuis et a l . ,• (1955). The s c a t t e r i n g f a c t o r s f o r 
the gold atom were those given by Thomas and Umeda, (1957). 
The d i s p e r s i o n c o r r e c t i o n s f o r gold are A f 1 = -5 e l e c t r o n s , 
and Afn = +8 e l e c t r o n s , f o r CuKJk r a d i a t i o n , where 
f = f + A f + i / i f " . (Dauber and Templeton, 1955). 
Corrections f o r d i s p e r s i o n were made by using the expression 
f a c t o r s . This c o r r e c t s f o r Af', and makes an allowance 
for A f u which i s of the r i g h t s i g n , and about the r i g h t 
magnitude, and i s very much simpler t o use than the true 
expression i n v o l v i n g complex c o e f f i c i e n t s . 
The s h i f t s in. the atomic coordinates d u r i n g the f i n a l 
cycle are l i s t e d i n t a b l e VI and the s h i f t s i n the 
an i s o t r o p i c temperature parameters i n t a b l e V I I . The s t r u c t u r e 
f a c t o r s c a l c u l a t e d d u r i n g the f i n a l cycle are given, i n 
t a b l e V I I I . They include s t r u c t u r e f a c t o r s f o r 552 unobserved 
planes, and very few of these are greater than, the maximum 
expected v a l u e , F . . The f i n a l values of the atomic x mm 
coordinates and t h e i r estimated standard d e v i a t i o n s are given 
i n t a b l e IX, and the f i n a l values of the temperature parameters, 
together w i t h the corresponding standard d e v i a t i o n s , i n t a b l e X. 
1; 2 n2 + A f ' r + A f o f o r the gold s c a t t e r i n g 
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TABLE IV. 1PrNHgAuC»CPh: Analysis of the S t r u c t u r e . 
Coordinate S h i f t 
Mean. Max. R R' 
1. Refinement of 
the gold atom. 0.0094 0.015 0.42 0.1465 
o i? 0.0086 0.018 0.225 0.0595 
3. I n t r o d u c t i o n 
of l i g h t atoms. 0.0455 0.283 0.125 0.0173 
4. Cold atom 
a n i s o t r o p i c . 0.0231. 0.084 0.094 0.0163 
5. 0.0065 0.020 0.080 0.0113 
6. A l l atoms, 
a n i s o t r o p i c . 0.0090 0.028 0.074 0.0088 
7. ii 0.0037 0.016 0.073 0.0083 
8. tt 0.0031 0.009 0.072 0.0081 
9. ! t 0.0030 0.009 0.073 0.0083 
lO.Rescaling 
l a y e r s . 0.0044 0.015 0.063 0.0058 




4/A + KjP0\ + B,(K|P0])2 , 
V/ 
4 / A + KJFJ + 
C + D(Kjp J ) 
o | ) 2 i f K|PJ>32, 
i f KjpJ<32 
A = 33.6 
B = 0.002 
K = 1.1 
A = 33.6 
B = 0.003 
C = 0.0164 
D = 0.00134 
K = 1.00, 
(0.99 i n cycles 
10 and 11). 
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TABLE V. Weighting Analysis a f t e r the F i n a l Cycle. 
KJFJ Mean W|A|2 NO. of planes 
8-16 0.31 22 
16-32 0.59 305 
32-64 1.22 372 
64-128 1.02 209 
128- 2.96 124 
sinO/y Mean W|A)2 NO. of planes 
0-0.1 8.48 S 
0.1-0.2 2.28 62 
0.2-0.3 1.35 165 
0.3-0.4 1.20 250 
0.4-0.5 0.95 275 
0.5-0.6 0.88 212 
0.6-0.7 0.70 60 
- 127 -
V I . O h "i -P+ r< i n the Atomic Coordina" 
F i n a l Cycle.(A.) 
dur i n g the 
y z 
Au 0.0003 0.0000 0.0006 
N 0.0060 -0.0006 0.0020 
CI 0.0047 -0.0039 0.0000 
C2 0.0029 -0.0005 -0.0036 
C5 -0.0059 0.0000 -0.0050 
C4 0.0006 0.0000 0.0051 
C5 -0.0041 0.0012 0.0072 
C6 0.0018 0.0016 -0.0017 
C7 -0.0050 0.0032 0.0030 
C8 -0.0014 0.0037 0.0030 
C9 0.0008 0.0004 0.0025 
CIO 0.0026 0.0018 0.0030 
C l l 0.0009 -0.0038 0.0032 
TA':--LB V I I . S h i f t s i n the Anisot r o p i c Then 
du r i n g the f i n a l cycle 
1 ¥3Tl ;ter 


































































































TABLE I X . 1prOTi 2AuCsCPh. 
Co - o r d i n a t e s ( i n £. 
D e v i a t i o n s . 
F i n a l Values o f t h e Atomic 
and t r i e S tandard 
1 0 3 x 1.) 
X. y z, <T(r) 
Au 4.031 • ( 1 ) 2.714 ( 1 ) 0.344 ( 1 ) 0.0009 
IT 6.052 (13) 2.582 (14) 0.261 (16) 0.014 
CI 2.102 (1 9 ) 2.757 (20) 0.496 (20) 0.020 
C2 0.908 (.21) 2.697 (20) 0.679 (20) 0.020 
C3 -0.558 (19) 2.640 (21) 0.870 (2 2 ) 0.021 
C4 -1.298 (22 ) 1.657 (21) 0.234 (23) 0.022 
C5 -2.698 (21) 1.638 (24) 0.4-18 (26) 0.024 
Co — <5 • o 3 S (21) 2.538 (25) 1.243 (29) 0.025 
C7 -2.581 (20) 3.481 (22) 1.864 (28) 0.024 
C8 -1.205 (21 ) 3.572 (23 ) 1.718 (25) 0.023 
C9 6.695 (22) 1.236 (20) 0.677 (24) 0.022 
c i o 8.212 (22) 1.423 (26) 0.798 (2 4 ) 0.024 
G i l 6.314 ( 1 9 ) 0.199 (21) -0.320 (2 4 ) 0.021 
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• TABLE X. 1PrNH2AuC5CPh: Pinal Values of the Anisotropic Temperature 
Parameters, (in i??), and their Standard Deviations, (in 10^ 
Atom u 1 1 U22 
Au 0 . 0 6 2 2 ( A ) 0 . 0 7 6 7 ( . 5 ) 
N o.o6o( 7) 0 .062( 8) 
C1 0.074(10) 0.082(12) 
C2 0.089(12) 0.069(12) 
C3 0.072(11) 0 .076(12) 
C4 0.088(13) 0 .082(13) 
C5 0.076(13) 0 .102(17) 
C6 O.07M12) 0.120(20) 
C7 0.081 (13) 0.076(15) 
C8 0.083(13) 0 .095(15) 
C9 0.082(13) 0 .067(12) 
C10 0 . 0 7 ^ 1 3 ) 0.115(19) 
C11 0.072(12) 0 .075(13) 
U 33 
U 12 
0.0863(.8) 0 .0097( .9 ) 
0 .052(10) -0 .005(13) 
0 .054(15) 0 .022(21) 
0 .053(17) 0 .007(23) 
0 .064(15) 0 .018(21) 
0 .062(16) -0 .011(22) 
0.101 (20) -0 .030(23) 
0 .111(23) 0 .050(27) 
0.108(18) -0.010(22) 
0 .069(16) 0 .036(23) 
0 .103(22) 0.033(22) 
0.088(21) o . o t o ( 2 5 ) 
0.106(18) -0 .017(20) 
D23 °1J 
- 0 . 0 0 3 1 ( 1 . 1 ) - o . 0 0 1 5 ( 1 . 1 ) 
-0 .002(17) 0 .019(15) 
-0 .013(25) 0 .011(22) 
0 .000(22) 0 .015(20) 
0 .025(22) 0 .017(19) 
0.010(24) -0 .013(25) 
0 .019(32) 0 .025(29) 
0 .046(34) 0 .045(29) 
-0 .007(29) 0 .030(27) 
-0 .005(29) 0 .026(25) 
0 .001(24) -0.011 (26) 
- 0 .008 (29 ) -0 .033(24) 
-0 .003(28) 0 .015(26) 
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DESCRIPTION AND DISCUSSION OP.THE STRUCTURE 
The s t r u c t u r e i s i l l u s t r a t e d i n p e r s p e c t i v e i n f i g . 1., 
The "bond l e n g t h s and angles are i l l u s t r a t e d i n f i g . 2, 
and t a b u l a t e d i n t a b l e X I . Standard d e v i a t i o n s were 
c a l c u l a t e d u s i n g t h e f o r m u l a on page 3 1. Contacts and 
angles "between atoms o f d i f f e r e n t m o l e c u l e s are g i v e n i n 
t a b l e X I I . The d i s t a n c e s "between atoms o f d i f f e r e n t 
m o l e c u l es a r e a l l 3.27A. or g r e a t e r , and hence t h e complex 
appears t o e x i s t i n t h e c r y s t a l e s s e n t i a l l y as monomer u n i t s , 
u n l i k e t h e copper and s i l v e r complexes. 
The g o l d atoms are ar r a n g e d i n i n f i n i t e z i g - z a g c h a i n s , 
extended a l o n g t h e 'c' a x i s , w i t h t h e p l a n e o f t h e z i g - z a g 
p a r a l l e l t o ( 0 1 0 ) . The g o l d - g o l d d i s t a n c e s a l o n g t h e 
chains are 3.72>L , w i t h a n g l e s o f 153°. The ch a i n s a re 
grouped i n p a i r s around t h e t w o - f o l d axes t h r o u g h ( J , ^ , 0) 
a n d ( f , f , 0 ) , w i t h g o l d - g o l d d i s t a n c e s o f 3.27&. "between t h e 
c h a i n s . Each g o l d atom i s l i n e a r l y c o o r d i n a t e d t o a 
n i t r o g e n atom and t o an e t h y n y l group i n t h e 'end-on f 
p o s i t i o n , w i t h t h e "bonding almost p a r a l l e l t o t h e 'a' a x i s , 
i . e . , i n t h e p l a n e o f t h e c h a i n o f g o l d atoms. Thus each 
g o l d atom has an e t h y n y l c a r b o n and an amine n i t r o g e n as near 
n e i g h b o u r s , and t h r e e g o l d atoms as more d i s t a n t n e i g h b o u r s . 
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'PrNH 2 AuOCPh. Bond lengths and angles 
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TABLE X I . 1PrI\!H2AuCBCPh: 
Length 
(A. ) 
e. s. a 
Au- 01 1.935 0.019 
Au-N 2.028 0.013 
01- 02 1.810 0.028 
02- 03 1.479 0.028 
r-tr/ 04 1.385 0.030 
04- 05 1.413 0.030 
05- 06 1.375 0.035 
06- 07 1.356 0.034 
07- 08 1.387 0.029 
08- 03 1.416 0.031 
N-C9 1.549 0.025 
C9- CIO 1.533 0.031 
09- O i l 1.488 0.033 
Bond Lengths and Bond An g l e s . 
Angl e 
(Degrees) e. s 
Cl-Au-N 176.8 0.7 
Au-Cl-02 174.2 1.8 
01-02-03 178.6 Cj • 1 
02-03-04 119.8 1.9 
02-03-08 120.3 1.9 
03-04-05 118.7 2.0 
04-05-06 131 • T 2.2 
05-06,-07 118.3 2.3 
06-07-08 123.1 S«. (dn 
C7-C8-C3 118.3 2.0 
08-03-04 119.8 1.9 
An-N-09 117.2 1.1 
N-09-010 109.0 1.7 
K-09 - O i l 108.6 1.7 
010-09-011 112,9 1.8 
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A u ( l ) - A u ( l l ) 3.274 A u ( I I )-Au( I ) - A u ( I I I ) 86.2 
A u ( l ) - A u ( l l l ) 3.722 An (IV)-Au.(I ) - A u ( I I I ) 152.7 
A u ( l ) - N ( l l ) 3.47 A U ( I I ) - A U ( I ) - N ( I ) 77.8 
A u ( l ) - N ( l l l ) 3.70 A u ( l I l ) - A u ( l ) - I T ( l ) 78.4 
A U ( I ) - N ( I V ) 3.86 A u ( l V ) - A u ( l ) - N ( l ) 73.7 
N ( I ) - C 1 ( I I ) 3. 34 A u ( l l ) - A u ( l ) - C l ( l ) 104.6 
N ( I ) - C 1 ( I I I ) 3.93 A U ( I I I ) - A U ( I ) - C 1 ( I ) 99.5 
N( I ) - C 1 ( I V ) 3.48 A u ( l V ) - A u ( l ) - C l ( l ) 108.5 
N(I)-C2(IV) 3.77 A u ( l ) - N ( l ) - C l ( l - l ) 100.1 
C l ( l ) - C l l ( l V ) 3.83 Au ( l ) - N ( l ) - C 1 ( I Y ) 105.6 
N ( I ) - C 2 ( I I ) 3.88 C 9 ( I ) - N ( I ) - C I ( I I ) 136.2 
C8(I)-C8(VI) 3.88 C 9 ( r ) - i v ( i ) - c i ( i v ) 102.0 
C6(I)-C11(V) 3.90 C l ( l l ) - N ( l ) - C l ( l V ) 88.9 
C2(I)-C10(IV) 3.94 
C 7 ( I ) - C 7 ( V I ) 3.95 P o s i t i o n ( i ) r e f e r s t o x y z 
C3(I)-C10(IV) 3.96 ( I I ) t o f -
C8(I)-C10(IV) 3.96 ( I l l ) t o l:~ x y ^ 
( I V ) t o £-x y - i - i - z 
( v ) t o ~^+x -y |~-z 
( V I ) t o x |-y -jh-z. 
Other c o n t a c t s are g r e a t e r than 4.OA*. 
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The arrangement i s a p p r o x i m a t e l y o c t a h e d r a l , h u t w i t h one 
i 
s i t e u n o c c u p i e d , t h e a n g l e s b e i n g d i s t o r t e d hy t h e ziR-zarr 
o f t h e c h a i n s of g o l d atoms. The ^ o l d atoms are n e a r e r t o 
n i t r o g e n atoms o f a d j a c e n t m o l e c u l e s than, t o e t h y n y l 
carbons, and g o l d - n i t r o g e n d i s t a n c e s between t h e m o l e c u l e s 
are s i m i l a r t o t h e g o l d - g o l d d i s t a n c e s . 
D i s t a n c e s f r o m g o l d atoms t o e t h y n y l carbon atoms o f 
a d j a c e n t m o l e c u l e s are a l l g r e a t e r t h a n 4.2A". , which would 
appear t o r u l e out g o l d - e t h y n y l i n t e r a c t i o n o f t h e ' s i d e - o n ' 
t y p e . The g o l d - g o l d d i s t a n c e s o f 3.27 and 3.72A*. ar e 
c o n s i d e r a b l y g r e a t e r t h a n i n t h e m e t a l , • ( 2 . 8 8 4 A . ) , whereas i n t h e 
p r e v i o u s compounds, t h e copper-copper and s i l v e r - s i l v e r 
d i s t a n c e s were comparable t o t h e d i s t a n c e s i n copper and s i l v e r 
m e t a l . Eundle, ( 1 9 5 4 ) , p o s t u l a t e d g o l d - g o l d bonding a t 
d i s t a n c e s o f 3.26iL i n d i m e t h y l g l y o x i m e g o l d c h l o r i d e , 
A u ( l I I ) ( D M G ) Q A u ( l ) C 1 0 , where t h e c o o r d i n a t i o n o f t h e g o ' l d ( l ) 
atoms i s square p l a n a r i f g o l d - g o l d b o n d i n g i s i n c l u d e d . 
I n t h e p r e s e n t compound, t h e c o o r d i n a t i o n i n c l u d i n g g o l d atoms 
i s l e s s s i m p l e t o d e s c r i b e , and i t seems r e a s o n a b l e t o c o n s i d e r 
each atom as f o r m i n g j u s t two c o l l i n e a r bonds. The a n g l e 
N-Au-Cl i s 176.8 + 0.7°, c l o s e t o . 180°, a l t h o u g h t h e 
d i f f e r e n c e i s s i g n i f i c a n t on the b a s i s o f t h e c a l c u l a t e d 
s t a n d a r d d e v i a t i o n s . 
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The d i s t a n c e Au-Cl i s 1.94 + 0.022.., s h o r t e r t h a n t h e c o r r e s -
p o n d i n g d i s t a n c e i n t h e s i l v e r compound, ( 2 . 0 4A . ) , and s h o r t e r 
t h a n the Au-C d i s t a n c e i n KAu ( C N ) 0 . ( 2 . 1 2 + 0 . 1 4A. , Rosenzweig 
and Cromer, 1959) 'End-on' TT -"bonding t o t h e e t h y n y l group i s 
a g a i n thought t o occ u r , p o s s i b l y t o a g r e a t e r e x t e n t t h a n i n t h e 
copper or s i l v e r complexes. The d i s t a n c e Au-N i s 2 .03A. A 
c o v a l e n t r a d i u s o f 1.33A. f o r l i n e a r l y c o o r d i n a t e d g o l d ( l ) may 
he deduced f r o m t h e A u ( l ) - C l bond l e n g t h s i n C S g A u ( l ) A u ( l I I ) C l g 
and i n AuCl.PCl^. ( 2 . 3 1 and 2.33iL r e s p e c t i v e l y , E l l i o t t and 
o 
P a u l i n g , 1938; A r a l , 1 9 6 2 ) . Since t h e c o v a l e n t r a d i u s of 
n i t r o g e n i s 0.70iL, t h e g o l d - n i t r o g e n d i s t a n c e i s as expected 
f o r a s i n g l e c o v a l e n t bond. 
The d i s t a n c e C1-C2 i s 1.210 + 0 .028i? ., i n good agreement w i t h 
u s u a l v a l u e s f o r carbon-carbon t r i p l e bonds. The angle Au-Cl - C 2 
i s 174 .2 + 1 . 8 ° . I n t h e copper compound, t h e c o r r e s p o n d i n g a n g l e 
Gul-Cl - C 2 i s 1 7 3 ° , and i n t h e s i l v e r compound t h e angle A g l - C l - C 2 
i s 1 7 3 ° , and t h e s i m i l a r i t y o f t h e t h r e e a n g l e s i s i n t e r e s t i n g . 
The angle Au-Cl-02 i s s i g n i f i c a n t l y d i f f e r e n t f r o m 180 , and t h e 
d i s t o r t i o n i s almost p e r p e n d i c u l a r t o t h e p l a n e o f t h e p h e n y l 
group, as t h e p l a n e t h r o u g h Au, C I , and C2 makes an angle o f 84° 
w i t h t h i s p l a n e . The angle C1-C2-C3 i s 178 .6 +_ 2 . 1 ° , n o t 
s i g n i f i c a n t l y d i f f e r e n t f r o m 1 8 0 ° . 
The bond C2-C3 i s c o n t r a c t e d t o 1.48A., a v a l u e s i m i l a r 
t o t h e c o r r e s p o n d i n g l e n g t h s i n t h e copper and s i l v e r compounds. 
The carbon-carbon bond l e n g t h s i n t h e ph e n y l group range 
f r o m 1 .36 -1 .42A., w i t h a mean v a l u e o f 1.389.8.. , and t h e 
angles from 118-123°, w i t h a mean v a l u e o f 120.0°. I f t h e 
ph e n y l r i n g i s assumed t o he a r e g u l a r hexagon, t h e 
st a n d a r d d e v i a t i o n s i n t h e "bond, l e n g t h s and "bond angles are 
0.023A1. 8Jid 2.0°. The mean v a l u e s c a l c u l a t e d from t h e 
l e a s t squares e s t i m a t e s o f t h e ' c o o r d i n a t e s t a n d a r d d e v i a t i o n s 
are 0.0321. and 2.1°. 
The l e n g t h s o f t h e "bonds 09-010 and 09-011 are 1.53 + 
0.03A. and 1 . 49 + 0.03iL , n o t s i g n i f i c a n t l y d i f f e r e n t f r o m 
t h e l e n g t h o f a s i n g l e c o v a l e n t bond. The d i s t a n c e N-C9 
i s 1.55 + 0.03.8.. 5 and t h i s i s s l i g h t l y l o n g e r t h a n t h e 
expected v a l u e o f 1 . 4 s £ „ The v a l e n c e a n g l e s a t 09 are very-
c l o s e t o t h e t e t r a h e d r a l v a l u e s , h u t t h e angle Au-N~C9 i s 
s i g n i f i c a n t l y g r e a t e r , b e i n g 117.2 + 1.1° 
The e q u a t i o n o f t h e b e s t p l a n e t h r o u g h t h e p h e n y l carbon 
(03-08) i s 
-0.123? x + 0.6143 y - 0.7793 z = 1.0058 
w i t h c o o r d i n a t e s I n °., r e r e r r e d t o the c r y s t a l axes. The 
d i s t a n c e s o f t h e atoms 03 t o 08 fr o m t h e p l a n e are 
r e s p e c t i v e l y 0.007, -0.011, 0 . 0 0 9 , and -0.003, -0.001, 
-0.002$., w i t h a mean v a l u e o f 0.005A. The atoms 01 and 02 
are a t d i s t a n c e s 0.040 and 0.010A., so t h a t 02 i s i n t h e 
pl a n e o f t h e p h e n y l group, b u t p r o b a b l y n o t 0 1 . The atoms 
Au and IT are a t d i s t a n c e s -0.106 and -0.371&. from t h e p l a n e . 
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The t e m p e r a t u r e f a c t o r s f o r t h e g o l d atom are 
g r e a t e s t i n t h e 'y' and ' z' d i r e c t i o n s , i . e . i n d i r e c t i o n s 
p e r p e n d i c u l a r t o the d i r e c t i o n o f t h e bonding. The 
te m p e r a t u r e parameters f o r t h e carbon atoms i n c r e a s e as 
t h e i r d i s t a n c e from t h e g o l d atoms i n c r e a s e s . For 
i n s t a n c e , t h e t e m p e r a t u r e f a c t o r s f o r carbon atoms 01 t o 
C8 correspond a p p r o x i m a t e l y t o 3 v a l u e s o f 5.6, 5.7, 5.6, 
6.2, 7.5, 8.2, 7.1 and 6.5A.^ r e s p e c t i v e l y . 
A p a r t f r o m t h e g o l d - g o l d and g o l d - n i t r o g e n c o n t a c t s , 
t h e s h o r t e s t d i s t a n c e s between atoms o f d i f f e r e n t m o l e c u l e s 
are n i t r o g e n - c a r b o n d i s t a n c e s . A l l o t h e r c o n t a c t s 'between 
m o l e c u l e s are g r e a t e r than 3.8.S.. The d i s t a n c e N ( I ) - C l ( I I ) 
i s 3.34i£. , (between c h a i n s ) and N ( l ) - C l ( l V ) i s 3.48A., 
( a l o n g c h a i n s ) , u s i n g t h e same n o t a t i o n as i n t a b l e X I I ' . 
The angles A u ( I ) - N ( l ) - C l ( I I ) and A n ( I ) - N ( I ) - C l ( I V ) are 100° 
and 106° r e s p e c t i v e l y , w h i l e C 9 ( l ) - N ( l ) - C l ( l I ) , C 9 ( l ) - N ( l ) - C l ( I V ) 
and C 1 ( I I ) - N ( I ) - C 1 ( I V ) a re 136°, 102° and 88° r e s p e c t i v e l y . 
C orresponding angles t o t h e m i d p o i n t s o f t h e e t h y n y l groups 
C1-C2,.rather t h a n t o 0 1 , are 109°, 115°, 127°, 97°, and 84°, 
r e s p e c t i v e l y . Most o f these angles are n o t f a r f r o m 
t e t r a h e d r a l , and t h e N-hydrogen atoms must p o i n t a p p r o x i m a t e l y 
towards n e i g h b o u r i n g e t h y n y l carbon atoms. One cannot 
a s s i g n p o s i t i o n s f o r t h e hydrogen atoms w i t h c e r t a i n t y , as 
with t h e angle Au-N-C9 b e i n g 117°, i t i s d i f f i c u l t t o know 
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what v a l u e t o g i v e t o th e AU-T-T-H and C9-N-H a n g l e s . With 
v a l u e s o f 1 0 8 ° f o r these a n g l e s , and N-H d i s t a n c e s o f 1.0A. 
the N-H . . .C1 angles are 1 3 0 ° and 165° f o r m o l e c u l e s ( l l ) 
and ( I V ) r e s p e c t i v e l y . 
The p o s s i b i l i t y o f some v.eak i n t e r a c t i o n between t h e 
n i t r o g e n and carbon atoms cannot be "excluded, a l t h o u g h t h e 
s p e c t r o s c o p i c evidence i s n e g a t i v e , (Coates and P a r k i n , 1962 
The N-H . . .C d i s t a n c e s are l o n g , b u t are n o t much g r e a t e r 
than t h e N-H...N d i s t a n c e s o f 3 . 3 s £ . i n s o l i d ammonia. 
(Olovsson and Templeton, 1 9 5 9 ) . Such i n t e r a c t i o n may be 
l i n k e d w i t h t h e angle Au-N-C9 b e i n g g r e a t e r t h a n t e t r a h e d r a l 
and w i t h t h e d i s t o r t i o n o f t h e angle AU-C1-C2 t o 1 7 4 ° . 
a* *j ^ 8 — 
TABLE V I I I . Observed and Calculated Structure Factors,. 
Successive columns give values of h, k, |P |, F 
1 SB 0 
0 0 . . 1328 
0 2 282 -263 
0 4 534 -^-90 0 6 517 456 0 8 51 -51 0 10 256 -230 
0 12 207 189 
0 14 54 57 0 16 120 -112 
0 18 31 34 0 20 29 27 
1 1 -455 
1 3 134 -115 
1 5 507 448 
1 7 301 -269 
1 9 168 -164 
1 11 269 251 
1 13 65 -61 
1 13 86 -87 
1 17 74 66 
1 19 <17 -7 1 21 32 —28 
2 0 422 -461 
2 2 216 193 
2 4 301 278 
2 6 436 -387 2 8 17 14 
2 10 227 211 2 12 145 -133 
2 14 22 -26 
2 16 79 77 2 18 33 -32 2 20 15 -17 
3 1 402 410 
3 3 14 20 
3 5 369 -351 
3 7 200 175 
3 9 90 91 
3 11 165 -154 
3 13 45 46 
3 15 61 63 
3 17 67 -63 
3 19 <16 -3 
3 21 20 23 
4 0 260 266 
4 2 190 -180 
4 4 264 -239 
4 6 302 284 
4 8 16 -15 
4 10 184 -181 
4 12 108 107 
4 14 <22 11 
4 16 71 —67 
4 18 27 £9 
5 1 268 -265 
5 3 43 - 4 4 
5 5 258 252 
5 7 128 -127 
5 9 55 -52 
5 11 135 130 
5 13 43 -40 
5 15 37 -39 
5 17 47 46 
6 0 176 -194 
6 2 118 113 
6 4 138 131 6 6 154 -148 
6 8 38 38 
6 10 91 91 
6 12 73 -72 
6 14 <22 - 1 
6 16 43 42 
6 18 22 -21 
7 1 181 177 
7 3 19 21 
7 5 154 -159 
7 7 87 90 
7 9 40 41 
7 11 84 —84 
7 13 22 23 
7 15 22 26 
7 17 29 -27 
8 0 87 87 
8 2 21 -25 
8 4 37 -35 
8 6 80 80 
8 8 31 -27 
8 10 38 -39 
8 12 38 42 
9 1 59 -59 
9 3 32 -33 
9 5 33 34 
9 7 29 -28 
9 9 <20 - 7 
9 11 27 27 
9 13 <22 -16 
10 0 80 -74 
10 2 <17 -3 
10 4 <18 - 2 
10 6 <19 - 4 
10 8 20 12 
10 10 <22 -15 
10 12 <22 -11 
11 1 44 -49 
11 3 19 -18 
11 5 19 16 
11 7 <19 3 
11 9 <18 12 
11 11 <17 9 
11 13 <17 * i 
12 0 88 -88 
12 1 22 23 
12 4 47 54 
12 6 47 -50 
12 8 <22 7 12 10 46 44 
12 12 22 -27 
12 14 <21 -15 
12 16 1*8 14 
13 1 74 77 
13 3 25 28 
13 5 79 -83 
13 7 43 45 
13 9 35 38 
13 11 53 -55 
13 13 <21 8 
13 15 22 20 
14 0 105 113 
14 2 32 -35 
14 4 49 -50 
14 6 64 68 
14 8 <22 -3 
14 10 29 -33 
14 12 26 25 
14 14 <18 11 
14 16 16 -19 
15 1 78 -78 
15 3 <22 - i 1 
15 5 87 93 
15 7 45 -49 
15 9 49 -49 
15 11 52 48 
15 13 <19 - 7 
15 15 21 -22 
16 0 108 -111 
16 2 35 38 16 4 65 70 
16 6 81 -86 
16 8 <22 -3 
16 10 55 53 16 12 39 -35 
17 1 96 99 
17 3 19 21 
17 5 90 - 9 4 
17 7 48 47 
17 9 26 33 
17 11 54 -50 
18 0 98 91 18 2 33 -39 18 4 59 -60 
18 6 68 72 
18 8 <19 -5 
18 10 56 -50 18 12 34 32 
19 1 74 -71 
19 3 <20 -13 19 5 73 73 19 7 43 -38 
19 9 24 -25 
1$ 11 45 42 
20 0 69 -66 20 2 25 29 20 4 45 44 20 6 58 -52 
20 8 <15 7 20 10 36 34 
21 1 49 44 21 3 <16 9 21 5 40 -40 
21 7 26 23 
22 0 41 41 22 2 15 -16 22 4 25 -24 22 6 26 32 
1 » 1 
1 1 41 62 1 2 93 -100 1 3 197 -174 1 4 131 118 1 5 <16 3 1 6 <15 -6 1 7 60. 68 1 8 28 -30 
1 9 45 -46 1 10 <18 - 4 1 11 <20 -2 
1 12 <21 6 
1 13 22 23 1 14 <23 *9 
1 15 <23 -25 
1 16 <23 -1 
1 17 <23 - 8 
1 18 <21 10 
TABLE V I I I . 
2 1 39 39 
2 2 18 -29 
2 3 22 -20 
2 4 185 180 
2 5 <16 -5 
2 6 25 25 
2 7 72 - 7 2 
2 8 116 -117 
2 9 33 31 
2 10 31 32 
2 11 <20 2 
2 12 31 35 
2 13 <22 -13 
2 14 .23 -26 
2 15 <23 15 
2 16 <23 14 
2 17 <23 - 4 
2 18 <21 14 
3 1 74 -79 
3 2 85 84 
3 3 222 198 
3 4 46 -50 
3 5 <17 - 1 
3 6 <17 -9 
3 7 72 -76 
3 8 27 26 
3 9 85 88 
3 10 <20 -9 
3 11 <22 - 1 
3 12 <23 -3 
3 13 42 -45 
3 14 <23 13 
3 15 33 36 
3 16 <23 1 
3 17 <22 10 
3 18 <21 
3 19 19 -17 
4 1 49 47 
4 2 217 214 
4 3 49 -49 
4 4 128 -129 
4 5 23 19 
4 6 54 -55 
4 7 <19 14 
4 8 115 119 
4 9 24 -24 
4 10 65 -66 
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(continued) 
4 11 <22 2 
4 12 49 —1+.B 
4 13 <22 21 
4 14 62 60 
4 15 <23 -10 
4 16 <23 - 9 
4 17 <22 -5 
4 18 25 - 2 f 
5 1 168 159 
5 2 14 -94 
5 3 281 -26g 
5 4 52 50 
5 5 63 65 
5 6 39 41 
5 7 166 162 
5 8 72 -73 
5 9 153 -147 
5 10 23 23 
5 11 <23 -17 
5 12 34 30 
5 13 84 m 
5 14 29 -25 
5 15 42 -36 
5 16 <22 1 
5 17 <22 -16 
5 18 <20 8 
5 19 18 26 
6 1 35 -39 
6 2 294 -275. 
6 3 75 78 
6 4 208 190 
6 5< <19 -21 
6 6 65 68 
6 7 30 -38 
6 . 8 205 -199 
6 9 44 48 
6 10 75 73 
6 11 <23 1 
6 12 69 72 
6 13 25 -24 
6 14 77 -81 
6 15 <25 11 
6 16 <25 6 
6 17 <24 5 
6 18 28 28 
6 19 <18 **8 
6 20 21 -22 
7 1 238 -224 
7 2 106 99 
7 3 327 307 
7 4 62 -68 
7 5 74 -76 
7 6 28 -31 
7 7 198 -200 
7 8 62 66 
7 9 164 161 
7 10 28 -23 
7 11 <23 12 
7 12 35 -32 
7 13 105 -107 
7 14 31 26 
7 15 44 46 
7 16 <23 - 2 
7 17 <22 22 
7 18 <19 -11 
7 19 '34 -33 
8 1 78 74 
8 2 369 339 
8 3 115 -119 
8 4 219 -212 8 5 <19 18 
8 6 91 -90 
8 7 50 51 
8 8 226 220 
8 9 52 - 5 4 
8 10 73 -79 
8 11 <23 
8 12 78 -79 
8 13 33 34 
8 14 94 95 
8 15 <24 -15 
8 16 <25 
8 17 <23 -10 
8 18 33 -35 
8 19 <16 12 
8 20 21 23 
9 1 160 168 
9 2 67 -69 
9 3 300 -287 
9 4 45 48 
9 5 80 83 
9 6 31 33 
9 7 190 188 
9 8 61 -65 
TABLE 
9 9 161 -162 12 1 34 35 
9 10 31 26 12 2 186 173 
9 11 <21 -15 12 3 53 -56 
9 12 27 22 12 4 147 -152 
9 13 96 97 12 5 <27 7 
9 14 23 -24 12 6 50 -50 
9 15 49 -47 12 7 53 57 
9 16 <21 5 12 8 136 140 
9 17 <19 -19 12 9 40 -41 
9 18 <17 8 12 10 53 -56 
9 19 31 32 12 11 <28 -3 
12 12 51 -51 
i I' 30 .-7-V 12 13 31 25 
10 1 42 12 14 57 55 
10 2 260 -261 12 15 <22 -14 
10 3 86 90 12 16 <20 -11 
10 4 198' 201 12 17 <18 - 2 
10 5 30 • -28 12 18 17 -22 
10 6 74 78 
10 7 49 -54 13 1 87 87 
10 8 189 -185 13 2 44 -44 
10 9 37 40 13 3 138 -142 
10 10 64 66 13 4 <22 .26 
10 11 <23 6 13 5 <26 16 
10 12 63 61 13 6 <25 
10 13 33 -25 13 7 63 63 
10 14 74 -78 13 8 <27 -15 
10 15 <22 15 13 9 78 -79 
10 16 <20 13 13 10 <27 14 
10 17 <18 13 11 <28 9 
10 18 32 33 13 12 <26 4 
13 13 45 47 
11 1 116 -120 13 14 <24 -12 
11 2 58 65 13 15 32 -31 
11 3 248 245 
11 4 61 -66 14 1 <22 -24 
11 5 55 14 2 106 -102 
11 6 <23 -12 14 3 25 30 11 7 156 -145 14 4 74 76 
11 8 47 49 14 5 <29 - 7 
11 9 131 134 14 6 <25 22 
11 10 <27 - 1 4 14 7 <27 -15 
11 11 <28 9 14 8 70 -75 
11 12 <27 -15 14 9 <27 18 
11 13 71 -76 14 10 43 40 
11 14 22 21 14 11 <27 1 
11 15 44 46 14 12 32 28 
11 16 <19 - 3 14 13 <24 -13 
11 17 <17 U 14 14 38 -33 
11 18 <15 -10 14 15 <20 4 
- 140 -
V I I I , (continued) 
15 1 53 -49 0 2 64 -69 
15 2 <25 23 0 3 159 -141 
15 3 91 87 0 4 329 -296 
15 4 <23 -16 0 5 316 272 
15 5 33 -30 0 6 305 278 
15 6 <16 -10 0 7 121 -114 
15 7 59 -53 0 8 <15 0 
15 8 33 26 0 9 64 -66 
15 9 64 57 0 10 170 -171 
15 10 <27 -12 0 11 145 . 148 
15 11 <27 -1 0 12 136 142 
15 12 <27 -9 0 13 29 -29 
15 13 27 -31 0 14 21 20 
15 14 <23 10 0 15 53 -56 
0 16 69 -72 
16 1 <25 13 0 17 37 40 
16 2 71 67 0 18 27 27 
16 3 27 -27 0 19 <17 2 
16 4 47 -49 0 20 15 15 
16 5 <25 10 0 21 14 -16 
16 6 <25 -13 
16 7 <25 9 1 0 262 -263 
16 8 47 47 1 1 416 -390 
16 9 <25 -12 1 2 121 111 
16 10 25 -23 1 3 27 -33 
16 11 <24 1 1 4 171 160 
16 12 <24 -11 1 5 373 331 
16 13 <24 5 1 6 193 -181 
16 14 28 24 1 7 208 -203 
1 8 35 35 
17 1 29 26 1 9 104 -107 
17 2 <25 -11 1 10 114 120 
17 3 44 -4-2 1 11 150 161 
17 4 <25 12 1 12 69 -77 
17 5 <25 21 1 13 35 -32 
17 6 <25 4 1 14 <21 -20 
17 7 32 28 1 15 53 —66 
17 8 <25 -11 . 1 16 37 43 
17 9 32 -27 1 17 38 48 
17 10 <25 5 1 18 17 -16 1 19 <17 - 2 
18 1 <25 -3 1 20 <15 -9 
18 2 31 -26 1 21 20 -22 
2 0 348 -355 
1 B 2 2 1 165 160 
2 2 154: . 148 
2 3 12 12 
0 0 452 478 2 4 186 185 
0 1 404 -374 2 5 188 -180 
2 6 285 -262 
2 7 92 94 
2 8 26 22 
2 9 61 64 
2 10 134 144 
2 11 83 • -88 
2 12 92 -97 
2 13 21 19 
2 14 21 -21 
2 15 26 30 
2 16 49 59 
2 17 25 -28 
2 18 19 -24 
3 o 168 172 
3 1 228 227 
3 2 86 -85 
3 3 94 84 
3 4 109 -104 
3 5 259 -249 
3 6 163 152 
3 7 112 108 
3 8 <15 31 
3 9 76 79 
3 10 73 -76 
3 11 120 -132 
3 12 46 52 
3 13 44 44 
3 14 <21 7 
3 15 37 43 
3 16 30 -37 
3 17 40 -44 
3 18 <19 14 
4 0 227 229 
4 1 147 -144 
4 2 145 -148 
4 3 11 -7 
4 4 137 -141 
4 5 168 156 
4 6 200 193 
4 7 84 -87 
4 8 33 -34 
4 9 59 -59 
4 10 101 -107 
4 11 .65 70 
4 12 60 65 
4 13 21 -21 
4 14 <21 11 
4 15 34 -29 
TABLE 
4 16 42 -^ •5 
4 17 24 26 
4 18 18 18 
5 0 165 -164 
5 1 157 -161 
5 2 36 38 
5 3 21 -18 
5 4 84 85 
5 5 153 162 
5 6 101 -104 
5 7 85 -86 
5 8 <16 4 
5 9 41 -43 
5 10 49 52 
5 11 88 93 
5 12 48 -50 
5 13 26 -27 
5 14 <21 -4 
5 15 26 -27 
5 16 27 28 
5 17 37, 34 
6 0 157 -155 
6 1 92 86 
6 2 76 77 
6 3 <13 7 
6 4 108 110 
6 5 80 -77 
6 6 112 -116 
6 7 50 56 
6 8 274 24 
6 9 22 23 
6 10 63 70 
6 11 46 -44 
6 12 49 -54 
6 13 21 18 
6 14 <21 -1 
6 15 <21 17 
6 16 29 30 
6 17 19 -16 
7 0 103 106 
7 1 86 87 
7 2 40 -42 
7 3 20 16 
7 4 64 -58 
7 5 85 -86 
7 6 80 79 
7 7 56 55 
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V I I I . (continued) 
7 8 <18 -6 
7 9 19 16 
7 10 40 -44 
7 11 48 -52 
7 12r 26 29 
7 13 21 21 
7 14 <21 6 
7 15 <21 12 
7 16 <20 -16 
7 17 19 -17 
8 0 86 91 
8 1 32 -30 
8 2 36 -36 
8 3 <15 -5 
8 4 37 -33 
8 5 26 27 
8 6 62 67 
8 7 25 -26 
8 8 <19 -14 
8 9 <20 -2 
8 10 32 -33 
8 11 25 26 
8 12 26 28 
8 13 <21 -9 
8 14 <21 4 
8 15 <21 -4 
9 0 41 -40 
9 1 38 -40 
9 2 <20 12 
9 3 <16 -8 
9 4 20 23 
9 5 24 23 
9 6 <18 -7 
9 7 19 -24 
9 8 <19 . 14 
9 9 <19 -1 
9 10 <20 10 
9 11 <20 13 
9 12 <20 -9 
9 13 <20 -12 
9 14 <20 
10 0 17 -18 
10 1 17 14 
10 2 21 -20 
10 3 <17 13 
10 4 <19 10 
10 5 <19 -1 
0 6 <20 -7 
0 7 <20 -1 
0 8 <20 -5 
0 9 <20 -10 
0 10 <20 2 
0 11 <20 -8 
0 12 <20 -13 
1 0 31 -29 
1 1 18 -16 
1 2 <18 -4 
1 3 26 -28 
1 4 <19 10 
1 5 19 22 
1 6 <20 0 
1 7 <20 5 
1 8 <20 0 
1 9 <21 -6 
1 10 <21 -1 
1 11 <,21 17 
1 12 <21 -7 
1 13 <21 -6 
1 14 <21 -2 
2 0 50 -49 
2 1 40 42 
2 2 23 21 
2 3 19 21 
2 4 31 29 
2 5 32 -32 
2 6 41 -39 
2 7 <21 17 
2 8 <21 5 
2 9 <21 12 
2 10 26 27 
2 11 26 -27 
2 12 <21 -15 
2 13 <21 2 
2 14 <21 -8 
3 0 57 59 
3 1 58 57 
3 2 20 -20 
3 3 <20 4 
3 4 35 -36 
3 5 51 -48 
3 6 39 3§ 
3 7 26 3 
3 8 <21 
3 9 21 
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TABLE V I I I . (continued) 
13 10 26 -30 
13 11 25 -25 
13 12 27 28 
13 13 <21 1 
13 14 <21 8 
14 0 73 74 
14 1 36 -34 
14 2 <21 -13 
14 3 <21 -7 
14 4 52 -50 
14 5 37 34 
14 6 52 52 
14 7 <21 -16 
14 8 <21 6 
14 9 <21 -12 
14 10 36 -36 
14 11 20 19 
14 12 27 28 
14 13 <18 -3 
14 14 <16 6 
14 13 <15 - 7 
14 16 19 -16 
15 0 40 -38 
15 1 60 -61 
15 2 26 25 
15 3 <21 -6 
15 4 34 31 
15 5 63 62 
15 6 40 -42 
15 7 40 ^38 
15 8 <21 - 2 
15 9 25 -26 
15 10 28 29 
15 11 33 32 
15 12 <18 -10 
15 13 <16 -5 
15 14 <15 -5 
15 15 17 -16 
16 0 83 -86 
16 1 41 44 
16 2 34 30 
16 3 <21 9 
16 4 50 50 
16 5 50 -47 
16 6 61 -62 
16 7 21 20 
16 8 <20 - 1 
16 9 20 17 
16 10 40 38 
16 11 25 -24 
16 12 26 -24 
17 0 51 57 
17 1 56 62 
17 2 21 -21 
17 3 <21 16 
17 4 39 -37 
17 5 67 -64 
17 6 40 39 
17 7 31 32 
17 8 <22 0 
17 9 22 25 
17 10 27 -26 
17 11 43 -38 
17 12 17 17 
18 0 70 70 
18 1 38 -37 
18 2 32 -30 
18 3 <20 - 6 
18 4 48 -45 
18 5 41 38 
18 6 56 55 
18 7 25 -22 
18 8 <17 - 4 
18 9 <16 -14 
18 10 41 -35 
18 11 25 22 
18 12 24 22 
19 0 42 -43 
19 1 49 ! - 5 0 
19 2 <19 15 
19 3 <22 -9 
19 4 29 26 
19 5 53 50 
19 6 40 -33 
19 7 32 -27 
19 8 <15 1 
19 9 17 -17 
19 10 25 20 
19 11 33 31 
20 0 46 -47 
20 1 27 28 
20 2 21 20 
20 3 <16 5 
20 4 34 30 
20 5 31 -27 
20 6 40 -35 
20 7 14 17 
20 8 <12 5 
20 9 13 10 
21 0 32 26 
21 1 35 32 
21 2 <15 -8 
21 3 <14 7 
21 4 16 -14 
21 5 39 -32 
21 6 14 17 
21 7 20 18 
22 0 32 27 
22 1 17 -16 
22 2 11 -12 
22 3 <10 - 4 
22 4 15 -15 
1 = 3 
1 1 22 20 
1 2 59 -58 
1 3 <16 -13 
1 4 41 42 
1 5 23 -24 
1 6 48 49 
1 7 <22 -13 
1 8 66 -64 
1 9 <24 -7 
11 IP <25 11 
1 11 *27 11 
1 12 <27 10 
1 13 <28 4 
1 14 28 -25 
1 15 <28 -7 
1 16 <28 8 
1 17 <27 - 1 
2 1 34 -31 
2 2 51 -47 
2 3 105 100 
2 4 50 55 
2 5 85 -91 
2 6 <21 10 
2 7 70 -62 
2 8 46 -46 
2 9 46 40 
2 10 <25 20 
2 11 <27 7 
2 12 27 22 
2 13 28 -20 
2 14 <28 -12 
2 15 <28 11 
2 16 <27 4 
3 1 28 -31 
3 2 89 88 
3 3 87 85 
3 4 44 -47 
3 5 19 -17 
3 • 6 29 -30 
3 7 35 -33 
3 8 64 59 
3 9 51 49 
3 10 26 -21 
3 11 <26 - 1 
3 12 <26 «13 
3 13 28 -23 
3 14 41 34 
3 15 <28 17 
3 16 <28 -7 
4 1 89 87 
4 2 98 102 
4 3 109 -109 
4 4 70 -73 
4 5 <20 15 
4 6 45 -36 
4 7 85 76 
4 8 73 69 
4 9 68 -67 
4 10 32 -28 
4 11 <27 2 
4 12 27 -23 
4 13 50 44 
4 14 28 29 
4 15 28 -21 
4 16 <28 -7 
5 1 48 51 
5 2 142 -147 
5 3 97 -99 
5 4 107 110 
5 5 36 35 
5 6 31 31 
5 7 61 63 
5 8 104 -101 
5 9 62 -61 
5 10 41 38 
5 11 <27 —3 
5 12 45 43 
5 13 41 35 
5 14 45 -39 
5 15 28 -19 
5 16 <27 0 
5 17 <25 -5 
5 18 22 16 
6 1 93 -93 
6 2 138 -148 
6 3 157 166 
6 4 99 102 
6 5 26 -27 
6 6 43 39 
6 7 94 -94 
6 8 98 -100 
6 9 92 94 
6 10 33 34 
6 11 <26 12 
6 12 38 37 
6 13 62 -59 
6 14 44 -41 
6 15 27 27 
6 16 <26 2 
6 17 <24 12 
6 18 21 16 
7 1 88 -96 
7 2 169 180 
7 3 124 136 
7 4 120 -127 
7 5 28 -30 
7 6 55 -55 
7 7 86 -93 
7 •8 126 126 
7 9 71 75 
7 10 - 48 -50 
7 11 <28 0 
7 12 50 -53 
7 13 50 -50 
7 14 53 49 
7 15 27 26 
7 16 <25 - 4 
TABLE 
7 17 <25 10 
7 18 25 t 2 2 
8 1 106 114 
8 2 123 137 
8 3 175 -19D 
8 4 92 -104 
8 5 24 18 
8 6 35 -36 
8 7 1O9 109 
8 8 96 102 
8 9 96 -104 
8 10 35 -34 
8 11 <28 -9 
8 12 41 -35 
8 13 65 65 
8 14 40 42 
8 15 32 -32 
8 16 <25 -3 
8 17 <25 -15 
8 18 19 -16 
9 1 72 81 
9 2 148 -163 
9 3 131 -147 
9 4 125 134 
9 5 44 45 
9 6 37 39 
9 7 91 96 
9 8 115 -117 
9 9 74 -82 
9 10 40 42 
9 11 <28 -10 
9 12 45 47 
9 13 49 50 
9 14 51 -47 
9 15 25 -24 
9 16 <25 5 
9 17 <25 -10 
9 18 24 22 
10 1 76 -83 
10 2 125 -131 
10 3 140 153 
10 4 70 84 
101 ; 5 ..-32- :-36 
10 6 33 39 
10 7 101 -103 
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V I I I . (continued) 
10 8 81 -86 
10 9 79 83 
10 10 33 39 
10 11 <28 5 
10 12 31 30 
10 13 51 -49 
10 14 42 -42 
10 15 30 31 
11 1 61 -66 
11 2 123 130 
11 3 102 115 
11 4 96 -105 
11 5 24 -22 
11 6 44 -45 
11 7 59 -60 
11 8 105 1°9 
11 9 61 65 
11 10 36 -36 
11 11 <28 3 
11 12 36 -34 
11 13 37 -38 
11 14 53 46 
11 15 23 19 
12 1 60 67 
12 2 66 69 
12 3 106 -116 
12 4 52 -62 
12 5 45 45 
12 6 <28 -15 
12 7 69 67 
12 8 59 58 
12 9 64 -60 
12 10 28 -27 
12 11 <27 -3 
12 12 26 -21 
12 13 44 39 
12 14 23 24 
13 1 44 44 
13 2 76 -82 
13 3 72 -79 
13 4 40 41 
13 5 <28 
13 6 <28 23 
13 7 45 44 
13 8 53 -52 
13 9 45 -43 
13 10 34 29 
13 11 <27 0 
13 12 <24 16 
13 13 24 25 
13 14 34 -31 
14 1 35 -39 
14 2 41 -47 
14 3 54 57 
14 4 45 46 
14 5 <28 -16 
14 6 <28 9 
14 7 35 -34 
14 8 45 -40 
14 9 38 40 
14 10 <24 20 
14 11 <24 - 2 
14 12 <24 11 
14 13 27 -23 
14 14 <19 -17 
15 1 <28 -22 
15 2 50 52 
15 3 36 39 
15 4 43 -45 
15 5 <28 -14 
15 6 <28 -6 
15 7 30 - 2 4 
15 8 35 38 
15 9 26 23 
15 10 <25 -17 
15 11 <25 - 2 
15 12 <24 -14 
15 13 <24 -13 
15 14 20 15 
16 1 28 23 
16 2 35 31 
16 3 49 -43 
16 4 <27 -20 
16 5 <27 7 
16 6 <26 *3 
16 7 22 26 
16 8 25 20 
16 9 30 -27 
17 1 <28 1& 
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TABLE V I I I . (continued) 
17 2 27 -23 
17 3 <27 -20 
17 4 26 24 
17 5 <26 9 
17 6 <26 4 
17 7 <26 13 
17 8 26 -20 
1 « 4 
0 0 110 99 
0 1 302 -248 
0 2 57 -54 
0 3 79 -74 
0 4 33 -32 
0 5 260 221 
0 6 74 70 
0 7 108 -104 
0 8 <29 -7 
0 9 69 -59 
0 10 19 -19 
0 11 135 126 
0 12 20 19 
0 13 38 -32 
0 14 <24 3 
0 15 48 -47 
0 16 <19 -18 
o 17 38 41 
0 18 <15 7 
0 232 -262 
1 72 -69 
2 127 117 
3 24 -13 
4 190 167 
5 104 93 
6 213 -198 
7 51 -46 
8 25 21 
9 42 -42 
10 133 129 
11 45 46 
12 73 -78 
13 <28 -14 
14 26 -21 
15 <24 -15 
16 50 48 
1 17 17 15 
1 18 17 -18 
2 0 111 -115 
2 1 175 179 
2 2 37 37 
2 3 29 23 
2 4 72 71 
2 5 204 -178 
2 6 81 -83 
2 7 102 101 
2 8 <26 9 
2 9 61 58 
2 10 47 52 
2 11 95 -98 
2 12 36 -39 
2 13 28 23 
2 14 <24 -7 
2 15 34 36 
2 16 21 20 
2 17 30 -33 
3 0 184 196 
, | 1 95 99 
3 2 70 -69 
3 3 25 22 
3 4 128 -120 
3 5 62 -60 
3 6 143 141 
3 7 33 36 
3 8 <20 - 4 
3 9 <18 5 
3 10 79 -80 
3 11 35 -36 
3 12 60 60 
3 13 <28 11 
3 14 <24 9 
3 15 23 16 
3 16 36 -38 
3 17 <17 -13 
4 0 40 41 
4 1 123 -129 
4 2 22 -19 
4 3 <18 -12 
4 4 36 -35 
4 5 133 136 
4 6 37 39 
4 7 75 -82 
4 8 <18 _9 
4 9 51 -52 
4 10 33 -32 
4 11 69 71 
4 12 28 23 
4 13 19 -21 
4 14 <24 0 
4 15 23 -28 
4 16 <18 -10 
4 17 20 25 
5 0 139 • -150 
5 1 38 -38 
5 2 52 50 
5 3 <23 3 
5 4 72 72 
5 5 43 46 
5 6 103 --108 
5 7 31 -33 
5 8 <19 9 
5 9 <19 -13 
5 10 53 53 
5 11 27 27 
5 12 42 -47 
5 13 <24 -5 
14 <24 - 6 
5 15 <19 -5 
5 16 25 28 
5 17 <Mt -$ 
6 0 43 -45 
6 1 87 95 
6 2 26 20 
6 3 24 18 
6 4 30 27 
6 5 86 -94 
6 6 28 -26 
6 7 52 57 
6 8 <18 7 
6 9 31 31 
6 10 <27 14 
6 11 49 -52 
6 12 <24 -14 
6 13 <24 20 
6 14 <23 1 
6 15 <19 18 
6 16 <16 9 
6 17 16 -18 
7' 6 69 77 
7 1 22 22 
7 2 26 -28 
7 3 <23 2 
7 4 39 -40 
7 5 <20 -13 
7 6 54 57 
7 7 <18 11 
7 8 <19 -12 
7 9 <19; -3 
7 10 34 -31 
7 11 <24 -10 
7 12 24 28 
7 13 <24 8 
7 14 <19 1 
7 15 <18 2 
7 16 15 -14 
8 0 <27 16 
8 1 47 -53 
8 2 <23 -8 
8 3 <23 -5 
8 4= <23 -12 
8 5 39 43 
8 6 25 25 
8 7 31 -31 
8 8 <23 - 1 
8 9 <27 -8 
8 10 <27 -12 
8 11 31 28 
9 0 <27 -22 
9 1 <27 -9 
9 2 <27 11 
9 3 <27 1 
9 4 <28 19 
9 5 <29 14 
9 6 <30 -13 
9 7 <31 -8 
9 8 <31 11 
9 Q <30 -6 
9 10 <30 12 
10 0 <28 -6 
10 1 <28 12 
10 2 <29 6 
10 3 <29 6 
10 4 <30 -7 
10 5 <31 -7 
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TABLE V I I I . (continued) 
10 6 <31 - 4 
10 7 <31 0 
10 8 <30 0 
11 0 31 -33 
11 1 <29 -17 
11 2 <29 - 2 
11 3 <29 1 
11 4 <29 19 
11 5 <29 8 
11 6 <29 - 9 
11 7 <29 
11 8 <29 -3 
11 9 <29 1 
12 0 <30 11 
12 1 37 36 
12 2 <30 
12 3 <30 7 
12 4 <30 -5 
12 5 30 -31 
12 6 <30 -8 
12 7 <30 20 
12 8 « 3 0 - 2 
12 9 <30 12 
12 10 <30 3 
13 0 44 42 
13 1 <31 0 
13 2 <31 -18 
13 3 <31 1 
13 4 31 -29 
13 5 <31 -11 
13 6 32 33 
13 7 <30 
13 8 <30 -1 
13 9 <30 7 
13 10 28 -25 
14 0 37 35 
14 1 43 -44 
14 2 <31 -10 
14 3 <31 -13 
14 4 <31 -15 
14 5 43 44 
14 6 <30 16 
14 7 <30 -18 
14 8 <29 , - 2 
14 9 <28 -15 
4 10 <27 -6 
4 11 26: 25 
5 0 42 -43 
5 1 <30 -20 
5 2 29 24 
5 3 <30 - 7 
5 4 32 31 
5 5 <30 19 
5 6 41 -40 
5 7 <28 -11 
5 8 <27 2 
5 9 <26 -8 
5 10 31 28 
6 0 <30 -22 
6 1 47 49 
6 2 <29 7 
6 3 <29 11 
6 4 <29 14 
6 5 53 -50 
6, 6 <27 -18 
6 7 <27 21 
6 8 <25 1 
6 9 24 20 
6 10 <22 12 
6 11 33 -27 
7 0 58 55 
7 1 <27 19 
7 2 <27 -21 
7 3 <27 ; 2 
7 4 35 -35 
7 5 <32 -18 
7 6 43 41 
7 7 <24 11 
7 8 <23 -2* 
7 9 <21 6 
7 10 31 -27 
8 0 <26 21 
8 1 46 -42 
8 2 <25 -9 
8 3 <25 -8 
8 4 <24 -15 
8 5 52 44 
8 6 <22 16 
8 7 <27 -24 
8 8 <18 0 
18 9 19 -17 
19 0 52 —46 
19 1 <22 -13 
19 2 <22 16 
19 3 <22 - 2 
19 4 29 26 
19 5 <19 13 
19 6 35 -34 
20 0 <18 -14 
20 1 31 28 
20 2 <18 6 
20 3 <17 6 
20 4 <15 9 
20 5 24 -28 
1 = 5 
1 1 <11 1 
1 2 34 -37 
1 3 15 18 
1 4 19 17 
1 5 <19 -12 
1 6 <18 - 2 
1 7 23 -24 
1 8 
'9 
<17 - 4 
1 <1-9 9 
1 10 <20 6 
1 11 <21 6 
2 1 19 -25 
2 2 <15 7 
2 3 43 38 
2 4 <17 -15 
2 5 19 -18 
2 6 <18 - 6 
2 7 46 -47 
2 8 <17 9 
2 9 31 36 
2 10 <20 3 
2 11 <21 3 
2 12 <23 - 1 
2 13 25 -21 
2 14 <20 3 
2 15 <19 10 
3 1 <13 -3 
3 2 66 68 
3 3 16 9 
3 4 51 -50 
3 5 <17 
3 6 19 -12 
3 7 <16 -7 
3 8 44 47 
3 9 <20 10 
3 10 21 -20 
3 11 <21 2 
3 12 19 -11 
3 13 <20 - 4 
3 14 25 23 
3 15 <19 1 
4 1 51 52 
4 2 <16 4 
4 3 91 -81 
4 4 <22 «»8 
4 5 23 22 
4 6 <18 2 
4 7 50 48 
4 8 <19 1 
4 9 41 -39 
4 10 <21 - 2 
4 11 <21 - 2 
4 12 <21 +2 
4 13 34 27 
4 14 <19 2 
4 15 14 -14 
5 1 <17 1 
5 2 79 -79 
5 3 <19 
5 4 65 63 
5 5 <19 5 
5 6 24 25 
5 7 < i y 7 
5 8 65 -68 
5 9 <20 - 6 
5 10 25 26 
5 11 <21 1 
5 12 29 26 
5 13 <20 1 
5 14 29 -28 
5 15 <19 -3 
6 1 71 -68 
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6 2 <19 -6 
6 3 126 119 
6 4 <20 7 
6 5 23 -18 
6 6 <19 4 
6 7 67 -70 
6 8 <20 -8 
6 9 61 67 
6 10 <21 2 
6 11 <21 7 
6 12 <21 1 
6 13 51 -41 
6 14 <19 
6 15 19 19 
7 1 ,<23 -9 
7 2 117 117 
7 3 <24 
7 4 86 -84 
7 5 <21 
7 6 32 -35 
7 7 <20 -3 
7 8 79 81 
7 9 <21 1 
7 10 30 -33 
7 11 <21 -3 
7 12 40 -35 
7 13 <19 - 2 
7 14 37 36 
7 15 <17 3 
8 1 66 67 
8 2 <20 3 
8 3 124 -125 
8 4 <21 -11 
8 5 25 24 
8 6 <20 - 2 
8 7 65 71 
8 8 <21 12 
8 9 65 —67 
8 10 <21 -3 
8 11 <21 -8 
8 12 <20 - 2 
8 13 47 42 
8 14 <16 3 
8 15 • 21 -21 
9 1 <21 5 
9 2 105 -107 
TABLE 
9 3 <22 -12 
9 4 84 87 
9 5 <22 5 
9 6 37 37 
9 7 <21 10 
9 8 87 -92 
9 9 <21 -9 
9 10 29 33 
9 11 <20 - 1 
9 12 39 35 
9 13 <18 5 
9 14 37 -36 
9 15 <13 - 2 
10 1 62 -68 
10 2 26 -22 
10 3 103 114 
10 4< <26 6 
10 5 28 -25 
10 6 <21 2 
10 7 62 -67 
10 8 <21 -3 
10 9 56 60 
10 10 <20 6 
10 11 <19 2 
10 12 <19 4 
10 13 41 -39 
10 14 <14 -5 
10 15 21 22 
11 1 <21 - 2 
11 2 83 92 
11 3 <23 - 2 
11 4 60 -67 
11 5 <21 3 
11 6 25 -22 
11 7 <21 4 
11 8 66 65 
11 9 <20 3 
11 10 22 -26 
11 11 <19 - 2 
11 12 22 -24 
11 13 <14 - 2 
11 14 31 30 
12 1 34 38 
12 2 <21 3 
12 3 56 -62 
12 4 <21 - 4 
12 5 21 19 
I . (continued) 
12 6 <21 0 
12 7 46 48 
12 8 <20 5 
12 9 45 -44 
12 10 <19 -3 
12 11 <18 0 
12 12 <14 - 1 
12 13 29 26 
13 1 <21 3 
13 2 61 -63 
13 3 <21 -11 
13 4 43 43 
13 5 <25 6 
13 6 <20 13 
13 7 <20 6 
13 8 42 -39 
15 9 <19 -5 
13 10 22 18 
14 1 26 -24 
14 2 <20 -5 
14 3 46 44 
14 4 <20 8 
14 5 22 -16 
14 6- <19 3 
14 7 35 -27 
14 8 <18 - 7 
14 9 36 28 
15 1 <20 0 
15 2 30 31 1§ 3 <20 1 
15 4 26 -25 
15 5 <19 - 2 
15 6 <18 -10 
15 7 <18 0 
15 8 30 28 
15 9 <15 1 
16 1 20 17 
16 2 <17 0 
16 3 32 -30 
16 4 <16 2 
16 5 <17 7 
16 6 <17 2 
16 7 17 12 
16 8 <15 - 2 
16 9 20 -17 
17 1 <18 2 
17 2 20 -18 
17 3 <14 - 1 
17 4 23 17 
17 5 <15 0 
17 6 <16 4 
17 7 <16 0 
17 8 13 -15 
18 1 <17 -5 
18 2 <15 2 
18 3 12 13 
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APPENDIX At THE CORRELATION OF STRUCTURE FACTORS FROM 
DIFffEHHFT FILMS 
I n the s t r u c t u r e determinations of the copper and s i l v e r 
compounds, the s t r u c t u r e f a c t o r s were placed on the same 
r e l a t i r e scale using scale f a c t o r s f o r the various r e c i p r o c a l 
l a t t i c e l a y e r s derived by l e a s t squares methods from the 
cornr.'.on r e f l e c t i o n s . A d e r i v a t i o n o f the normal equations 
i s as f o l l o w s : 
Y/e w r i t e K. f o r the scale f a c t o r "by which the s t r u c t u r e 
f a c t o r s on l a y e r i must be m u l t i p l i e d 
t o place them on a common scale. 
F-,. • f o r the magnitude of the s t r u c t u r e f a c t o r 
J' F(hlcl) as ohserved on. l a y e r i . 
wv f o r the weight a l l o t t e d t o F^ i n the 
l e a s t squares equations,'"assumed constant 
f o r a l l the l a y e r s on which i s 
measured. 
For s i m p l i c i t y , we assume t h a t no r e f l e c t i o n occurs on 
more than two l a y e r s , even though there are more than two 
zone axes concerned. Then the q u a n t i t y t o "be minimised 
can he w r i t t e n as; 
the summation oeing taken over a l l values of i .and 
For Q t o be a minimum w i t h respect to each K^, each ^/&Kj 
must he zero. 
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There are n such equations f o r the n unknown , and they 
may he w r i t t e n i n m a t r i x n o t a t i o n as 
A i j . K = 0 
where a.. i = - X^^n'^' ^ e s v m v a ^ ^ o n "being taken over 
a i l those r e f l e c t i o n s F^ which 
are common t o some other l a y e r s . 
a i- = ^ ^ ^ h i ^ ' h " 5 "fc'tie summation 'being taken over 
d a l l the r e f l e c t i o n s F-^  which are 
common t o "both l a y e r s i and 3. 
The scale f a c t o r s cannot he obtained from these equations 
as they stand, "because the only exact s o l u t i o n i s the 
t r i v i a l one w i t h a l l the Ki equal to zero. Various means 
of o b t a i n i n g exact s o l u t i o n s have "been used, such as t a k i n g 
one of the scale f a c t o r s as u n i t y or i n t r o d u c i n g another 
v a r i a b l e . According t o R o l l e t t and Sparks, (1960), the 
proper procedure i s t o introduce a n o r m a l i s i n g c o n d i t i o n , 
^.K? = 1. which reduces the problem t o one of f i n d i n g the 
l a t e n t v e c t o r associated w i t h the smallest l a t e n t root of 
the m a t r i x A- -. The l a t e n t v e c t o r can be obtained by the 
method of inverse i t e r a t i o n . 
I n the case of the copper compound, the q u a n t i t y 
minimised was 
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"where e i s a constant, intended t o "be very small, compared 
to the average value of (K, F- • - K-F, . ) . D i f f e r e n t i a t i n g 
Q w i t h respect to the various leads t o the normal equations 
A...K- = e.Rj_ 
where = ^ E ^ i , summed over a l l F^ o c c u r r i n g 
on two or more l a y e r s . 
Convenient values of the were obtained w i t h a value f o r e o: 
about 1/30. The mean value of K.FK, was then around 100, 
x al-
so the q u a n t i t y minimised, Q', i s close t o the q u a n t i t y Q, 
f o r which e i s zero. 
Comparison of observed and c a l c u l a t e d s t r u c t u r e f a c t o r s 
towards the end of the refinement of the copper compound 
gave r i s e t o misgivings above the r e l a t i v e s c a l i n g of the 
la y e r s . A check on the s c a l i n g was made, by c a l c u l a t i n g 
scale f a c t o r s using the methods of Dickerson, (959) and 
Kraut, (1958). Both these methods employ the p r i n c i p l e of 
l e a s t squares. The scale f a c t o r s obtained "by these methods 
are compared w i t h those obtained p r e v i o u s l y i n t a b l e I , which 
also gives the values f o r each l a y e r , of ^ j F j y ^ P j a f t e r 
the f i n a l c y c l e . I n s p i t e of the very d i f f e r e n t e f f e c t i v e 
weighting given t o planes by the Dickerson and the Kraut 
methods, the r e s u l t s given by these two methods .: 
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agree q u i t e c l o s e l y w i t h one another, the mean discrepancy 
•being about 1%. The r e s u l t s also agree reasonably w e l l 
w i t h the scale f a c t o r s o r i g i n a l l y used. The maximum i n d i v i d u a l 
discrepancy between scale f a c t o r s derived by the three 
methods i s l e s s than 4%. The s c a l i n g f o r the ( S k i ) 
r e f l e c t i o n s had been i n doubt, but the scale f a c t o r s f o r 
these r e f l e c t i o n s given by a l l three methods are i n good 
agreement. 
TABLE I . Film t o Film Scaling Constants i n (Me,,PCuC«ePh) 
Used Dickenson Kraut 2 l F c t /S-IF 
hOi 0.108 0.110 0.108 0.96 
n i l 0.125 0.129 0.130 1.01 
b.2i 0.116 0.115 0.118 1.00 
h31 0.119 0.120 0.119 0.99 
h41 0.120 0.121 0.122 0.99 
Okl 1.031 1.084 1.014 0.95 
l k l 0.114 0.115 0.117 1.00 
2\a 0.409 0.407 0.410 1.01 
3k l 0.683 0.684 0.679 1.07 
4 k l 0.662 0.659 0.651 0.98 
5kl 0.749 0.745 0.744 0.98 
6 k l 0.818 0.809 0.827 1.00 
7 k l 0.838 0.850 0.866 0.97 
hkO 1.000 1.000 0.991 0.98 
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I n the case of the s i l v e r compound, the expression 
minimised was 
a f t e r Dicker son, where J. _. i s the sum of a l l r e f l e c t i o n s 
on f i l m i common t o 3 
J... i s the sum of a l l r e f l e c t i o n s 
^~ on f i l m 3 common t o i 
and J. . = J.. = 0 i f the f i l m s do not 
1 3 J 1 i n t e r s e c t . 
This method t r e a t s the r e f l e c t i o n s i n any one r e c i p r o c a l 
l a t t i c e row 'en block', and the normal equations are very 
much easier t o set up. The s c a l i n g constants were 
obtained from the normal equations by the method of inver s e 




The extensive c a l c u l a t i o n s were c a r r i e d out using the 
F e r r a n t i 'Pegasus' computer at King's College, Newcastle. 
Thanks are expressed t o those who have k i n d l y made t h e i r 
pro gr amm e s av a i1aD1e. 
St r u c t u r e F a c t o r / l e a s t Squares Refinement: 
This was done usi n g the l e a s t squares programme due to 
D.W.J. Cruiekshank, D.E. P i l l i n g and M.R. Tru t e r of Leeds. 
The programme computes the c o n t r i b u t i o n s t o a l l the l e a s t 
squares t o t a l s f o r each plane i n t u r n , accumulating the 
t o t a l s on drum storage. The block m a t r i x scheme i s used, 
and a l l the terms i n the 3x3 and the 6x6 matrices g i v i n g the 
s h i f t s i n the atomic coordinates and the s h i f t s i n the 
a n i s o t r o p i c temperature parameters, are c a l c u l a t e d . I t i s 
possib l e also t o r e f i n e a s t r u c t u r e using i s o t r o p i c 
temperature f a c t o r s f o r some or a l l of the atoms. The 
changes i n scale are c a l c u l a t e d from the 2x2 m a t r i x obtained 
by c o r r e l a t i o n of the scale w i t h the o v e r a l l temperature 
f a c t o r . The programme can handle a l l space groups. 
I n d i v i d u a l weighting r o u t i n e s may be v/ r i t t e n f o r each 
problem, although standard r o u t i n e s are a v a i l a b l e . 
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These authors were also responsible f o r a programme 
to c a l c u l a t e "bond lengths and angles. 
Patterson and Fourier Syntheses: 
Patterson and F o u r i e r summations i n two dimensions were 
ca l c u l a t e d using a programme due to P.A. Samet, f o r m e r l y 
of King's College, Newcastle. The form of the output i s 
s u i t a h l e f o r drawing contour l e v e l s d i r e c t l y . Summations 
i n three dimensions were obtained by f i r s t c a r r y i n g out 
p r e l i m i n a r y summations of the three dimensional data i n 
one d i r e c t i o n , using a programme by H.p. Sta d l e r , and then 
using the Sa^et programme to c a l c u l a t e each section i n 
the Patterson f u n c t i o n or i n the e l e c t r o n density. 
The c a l c u l a t i o n of Fourier s e r i e s was aided by a 
programme w r i t t e n by H.M.M. Shearer, which would produce 
a tape s u i t a b l e f o r input to the programme f o r p r e l i m i n a r y 
summation from the output tape of the s t r u c t u r e 
f a c t o r / l e a s t squares programme. 
Other Programmes: 
I have w r i t t e n a programme which w i l l c a l c u l a t e the 
Lorentz a_nd p o l a r i s a t i o n f a c t o r s f o r r e f l e c t i o n s on zero-
and upper-layer photographs, obtained by e i t h e r V/eissenberg 
or precession methods. Depending on the s e t t i n g of the 
hand-switches, the output gives values or sin9, or of 
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r e c i p r o c a l v allies of the Lorc-ntz-polari sat i o n f a c t o r s , 
or of the square r o o t of the corrected i n t e n s i t i e s , or 
else of the corrected i n t e n s i t i e s , weighted, and i n a form 
s u i t a b l e f o r c a l c u l a t i o n of a two-dimensional p r o j e c t i o n 
of the Patterson f u n c t i o n , using the Sa.met programme. 
Both i n p u t and output are i n t a b u l a r form, not r e q u i r i n g 
values of h, k, or 1 t o be p\mched. 
Other minor programmes have been w r i t t e n f o r p a r t i c u l a r 
needs. A programme f o r making a r a p i d c a l c u l a t i o n of 
bond lengths at the end of a cycle of l e a s t squares 
refinement was found u s e f u l . (Orthorhombic space groups 
o n l y ) . 
APPENDIX C. 
TRAHSffOKMATION OF U, .' s FROM MOITOCLINIC TO 0RTH0RHQM6IC 
AXES. 
The equations f o r transforming the U.. • i n the s i l v e 
J. 
compound, which were r e f e r r e d t o the monoclinic c r y s t a l 
axes, t o U' . r e f e r r e d toorthorhombic axes p a r a l l e l t o ' 1 3 ' 
a*, "b, and c were; 
TT' - IT u l l ~ 11 
t 
UQQ. — UQQ 
U33 = U 3 3 / s i n 2 * * + U l l c o s 2 ^ * / s i n 2 ^ * -
U 1 3 c o s l * / g l n ^ 
U12 ~ U12 
U23 = - U 1 2 C 0 S ^ 7 s i n J > * + u 2 3 / s i n / * 
U I 3 = - 2 U l l C 0 ^ * / s i n j > * + U13/sinJ>* 
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